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1970  J.  P.  Moss 

THE  MUSEUM 


The  Society’s  Museum  is  housed  at  28,  Portland 
Place,  London,  W.l,  and  is  open  for  inspection  on 
week-days  by  arrangement  with  the  Curator. 
The  Honorary  Curator  is  Mr.  R.  D.  Howard, 
King’s  College  Hospital  Dental  School,  Denmark 
Hill,  London,  S.E.5,  who  is  pleased  to  receive 
material  suitable  for  inclusion  in  the  Museum. 

The  following  are  particularly  required  for  the 
Society’s  collection : — 

1.  Orthodontic  appliances  that  have  been  in 
common  use  in  the  past. 

2.  Orthodontic  instruments  from  the  past. 

3.  Series  of  models,  preferably  from  birth  to 
adulthood,  of  untreated  cases.  Normal  occlu¬ 
sions  would  be  particularly  welcome,  as  would 
copies  of  cephalometric  records. 

4.  The  Chapman  Collection  (Northcroft  classi¬ 
fication)  : — 

a.  Large  labial  fraenum. 

b.  Gemination  of  deciduous  and  permanent 
teeth. 


Diminutive  teeth. 

c.  Total  anodontia. 

d.  Delayed  eruption  due  to  general  condi¬ 
tions. 

Complete  submergence  of  deciduous  teeth. 

e.  Radiographic  records  of  extra  teeth. 

/.  Rotation  of  premolars. 

g.  Inversion  of  unerupted  upper  central  in¬ 
cisors  and  lower  first  permanent  molars. 

h.  Crowding  of  incisors  or  premolars. 

i.  Infraclusion  of  deciduous  molars. 

j.  Malrelationship  of  dental  arches,  illus¬ 
trated  by  study  models,  cephalometric  and  photo¬ 
graphic  records. 

k.  Examples  showing  early  loss  of  upper 
deciduous  molars,  permanent  incisors,  and  first 
permanent  molars,  preferably  before  and  after 
the  loss. 

/.  The  effects  of  traumatic  injury,  if 
possible  showing  the  condition  before  injury. 
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NOTES  TO  CONTRIBUTORS 


Papers  are  accepted  for  presentation  to  the 
Society  on  the  understanding  that  the  work  is 
original  and  has  not  been  published  elsewhere. 
The  copyright  of  all  papers  is  vested  in  the  Society 
and  its  publishers,  but  permission  will  normally 
be  given  for  the  reproduction  of  extracts  from 
such  papers.  The  manuscript  of  papers  read  to 
the  Society  should  be  submitted  to  the  Honorary 
Editor  at  the  time  of  reading,  or  within  seven 
days  thereof.  It  should  be  typed  and  double¬ 
spaced,  with  adequate  margins,  setting  out  at  the 
head  the  full  title  of  the  article,  and  the  name, 
qualifications,  appointment  and  address  of  the 
author. 

It  is  the  policy  of  the  Society  for  the  Council  to 
nominate  an  opener  for  the  discussion  of  papers 
presented. 

Illustrations 

Illustrations  are  the  most  expensive  part  of  any 
publication,  and  should  be  kept  to  a  minimum. 
Reference  should  be  made  in  the  text  to  all 
illustrations.  They  should  be  submitted  in  the 
form  of  sharp,  glossy  prints,  or  in  the  case  of  black 
and  white  drawings,  the  original  drawing  may  be 
submitted.  It  is  not  normally  possible  to  repro¬ 
duce  illustrations  in  colour.  The  Honorary  Editor 
will  be  pleased  to  advise  authors  on  the  produc¬ 
tion  of  illustrations,  particularly  line  drawing, 
histograms,  and  graphs,  although  the  Society 
cannot  undertake  the  cost  of  these. 

On  the  reverse  of  each  illustration  the  name  of 
the  author  and  the  number  of  the  illustration 
should  be  clearly  marked,  together  with  an 
indication  of  the  position  of  the  top  of  the 
illustration.  Lettering  can  be  added  to  an 
illustration  by  the  printer,  and  this  should  be 
shown  by  an  overlay  or  sketch,  and  not  written 
on  the  illustration.  A  short  legend  for  each 
illustration  should  be  provided,  and  these  should 
be  typed  on  a  single  sheet  of  paper,  separate  from 
the  illustrations. 

Measurements 

It  is  the  policy  of  the  Society  that  S.I.  units 
(that  is,  metric  units)  should  be  used  in  its 
Transactions.  This  is  in  accordance  with  the 
decision  of  the  Royal  Society  Conference  of 
Editors.  Measurements  should  therefore  be 
quoted  in  metric  units,  although  angular  measure¬ 
ments  may  be  given  in  degrees.  Dimensions  of 
wires  and  tapes  should  be  given  in  decimal 
fractions  of  a  millimetre,  but  if  the  use  of  Imperial 


units  is  particularly  required  (for  example,  for 
comparison  with  American  practice)  they  may  be 
given  in  brackets  after  the  metric  equivalent,  on 
the  first  use  of  each  measurement. 

References 

Reference  to  the  work  of  other  authors  should 
be  acknowledged  in  the  text  by  the  name  of  the 
author  with  the  date  in  brackets.  These  should 
also  be  given  in  the  list  of  references  at  the  end  of 
the  article,  in  alphabetical  order,  according  to  the 
Harvard  system.  This  list  should  give  the  name 
and  initials  of  the  author  and  the  date  of  the 
publication.  In  the  case  of  articles  in  learned 
journals,  this  should  be  followed  by  the  title  of  the 
journal,  the  volume  number,  and  the  first  page 
number  of  the  paper,  e.g. : 

Smith,  A.  B.  (1965),  Dent.  Practnr  dent.  Rec .,  15, 
123. 

If  the  author  cited  has  written  more  than  one 
paper  in  the  year,  each  should  be  distinguished  by 
the  letters  a,  b,  and  c,  etc. 

In  the  case  of  a  book,  in  addition  to  the  name 
of  the  author  and  the  date,  the  reference  should 
include  the  title  of  the  book,  and  town  and  name 
of  the  publisher,  e.g. : 

Jones,  C.  D.  (1984),  A  Textbook  of  Orthodontics. 
Bristol :  John  Wright. 

Copyright 

Authors  quoting  extensively  from  published 
works,  or  using  previously  published  illustrations, 
must  obtain  permission  from  the  holder  of  the 
copyright  for  their  use.  This  is  normally  the 
publishers  and  such  permission  may,  therefore  be 
necessary  for  reproduction  of  the  author’s  own 
work. 

Publication 

The  Society’s  Transactions  are  published  in 
bound  form.  In  correcting  proofs,  authors  are 
requested  to  keep  alterations  to  a  minimum.  No 
substantial  alteration  of  the  text  can  be  accepted 
at  this  stage.  Authors  requiring  reprints  of  their 
articles  should  order  these  when  returning  the 
proofs. 

The  Honorary  Editor  is  pleased  to  advise  at  any 
stage  in  the  preparation  of  an  article.  While  in  the 
case  of  a  dispute  the  ruling  of  the  Honorary 
Editor  should  be  regarded  as  final,  the  author 
may,  if  he  feels  the  decision  to  be  unfair,  refer  the 
matter  to  the  Council  of  the  Society. 
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THE  VALUE  OF 
ORTHODONTICS 


PROPHECY  IN 


B.  C.  LEIGHTON,  M.D.S.,  F.D.S.,  H.D.D.,  D.D.O.,  D.Orth. 
King's  College  Hospital  Dental  School \  London 


‘  Zu/^/toiA  ov  avagz  ivao  xP°v'ov\  ‘Be  ruled  by 
time,  the  wisest  counsellor  of  all.’  So  said 
Pericles,  ruler  of  Athens,  to  an  impetuous  young 
general  called  Tolmides  when  trying  to  dissuade 
him  from  rushing  into  an  invasion  of  Boeotia 
without  considering  carefully  the  timing  of  the 
attack.  The  advice  went  unheeded,  and  was  not 
appreciated  by  the  Athenians  until  Tolmides  had 
been  killed  and  the  battle  lost.  It  was  character¬ 
istic  of  Pericles  who  is  reported  to  have  achieved 
his  success  by  a  mastery  of  the  art  of  timing  when 
dispensing  his  administrative  reforms.  This  may 
seem  to  be  remote  from  a  discussion  on  ortho¬ 
dontics  but  a  connexion  will  be  demonstrated 
during  the  course  of  this  paper. 

Russell  Marsh  (1948),  in  discussing  the  relative 
merits  of  simple  and  complex  appliance  therapy, 
indicated  strongly  his  feeling  that  simplification 
of  appliance  therapy  was  usually  very  desirable, 
and  prophesied  a  trend  in  this  direction  ‘  as  soon 
as  we  accept  that  all  who  are  in  need  of  treatment 
should  receive  it  Since  Russell  Marsh  was  not 
only  my  uncle  but  also  my  teacher  it  is  perhaps 
not  surprising  that  I  should  hold  similar  views. 
I  have  therefore  set  myself  the  task  of  encourag¬ 
ing  the  fulfilment  of  this  prediction.  During  the 
next  half-hour  I  hope  to  offer  more  convincing 
support  for  this  prophecy  than  was  shown  by  a 
medieval  physician  called  Cartano,  in  fore¬ 
casting  that  King  Edward  VI  of  England  would 
live  to  the  age  of  55  years.  When  the  King  died 
at  the  age  of  16,  Cartano  had  no  option  but  to 
predict  the  date  of  his  own  death  and  ensure  its 
accuracy  by  committing  suicide. 

Prevention  may  not  be  so  glamorous  and 
dramatic  as  treatment  of  an  established  condi¬ 
tion,  but  it  is  an  ideal  whose  attainment  should  be 
borne  in  mind  by  every  member  of  the  dental 
profession.  It  is  likely  to  be  restricted  in  its  scope 
in  orthodontics  for  some  time  to  come  because 
knowledge  of  the  aetiology  of  malocclusion  and 
ability  to  predict  its  course  of  development  is 
limited.  However,  it  is  often  possible  to  simplify 
treatment  by  very  careful  selection  of  the  age  at 
which  it  is  started,  facilitating  guidance  of  the 


process  of  development  with  as  little  interference 
as  possible.  The  value  of  careful  timing  is  per¬ 
haps  best  seen  when  planning  the  extraction  of 
first  permanent  molars.  It  is  easy  to  recall  cases 
where  ill-timed  extractions  have  left  a  severe 
malocclusion  of  the  second  molars.  On  the  other 
hand,  in  favourable  cases  early  extraction  may 
permit  quite  good  alinement  of  the  remaining 
teeth.  Radiographs  of  identical  twins  show  the 
effect  of  timing  on  the  alinement  following 
extraction  of  first  molars  (Fig.  1).  In  one  twin 
the  first  molars  were  extracted  at  10  years 
whereas  her  sister’s  teeth  were  removed  2  years 
later.  In  Case  73  (Fig.  2)  all  the  first  molars  were 
extracted  at  10  years  but  a  root  of  the  lower  right 
molar  was  left  and  not  removed  until  2  years 
later. 

I  should  like  to  suggest  that  it  is  good  ortho¬ 
dontics  to  foster  such  potential  as  the  patient  has 
for  normal  development,  by  removing  obstruc¬ 
tions  to  the  development  of  normal  occlusion 
with  a  minimum  of  forced  tooth  movement. 
There  are,  of  course,  some  conditions  which 
depart  so  far  from  normal  occlusion  that  they 
require  more  compulsive  orthodontic  treatment, 
achieved  either  by  means  of  fixed  appliances  or  by 
means  of  surgical  therapy.  They  are  not  usually 
difficult  to  identify  at  an  early  age. 

To  the  young  embryo  orthodontist  a  well 
organized  system  of  diagnosis  and  treatment 
planning  appears  very  attractive.  It  is  even  more 
so  if  the  appliance  therapy  is  of  a  stereotyped 
nature  in  which  mastery  of  one  technique,  albeit 
demanding  of  a  high  standard  of  manual  dexter¬ 
ity,  will  suffice  for  the  treatment  of  all  cases.  Such 
philosophies  ignore  the  fifth  dimension  of 
growth,  namely,  individual  variation,  and  seek  to 
place  all  individuals  into  a  common  develop¬ 
mental  mould.  If  one  accepts  that  all  patients 
should  conform  to  a  common  standard  of 
normality,  then  precise  placement  of  teeth  into  a 
geometrically  planned  pattern  is  desirable,  and 
can  best  be  achieved  by  means  of  a  versatile  and 
irresistible  appliance.  If,  on  the  other  hand,  one 
recognizes  that  there  is  an  infinite  variety  of 
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patterns  of  development,  then  it  is  clearly  better 
to  treat  each  patient  as  an  individual.  This 
requires  an  understanding  not  only  of  the  general 
pattern  of  development  of  all  children  but  also 


tion  over  many  years.  It  is,  moreover,  a  difficult 
aspect  of  orthodontics  to  teach,  because  it  does 
not  easily  lend  itself  to  organized  courses  of 
instruction.  In  spite  of  the  difficulties,  a  better 


Fig.  1 . — Orthopantomogram  radiographs  of  identical  twin  girls  from  whom  first  molars  have  been  ex¬ 
tracted  at  different  ages.  The  position  of  the  second  molars  is  very  much  better  in  one  twin  (above)  when 
the  molars  were  removed  at  10  years,  2  years  earlier  than  in  the  other  twin  (below). 


Fig.  2. — Case  73.  Orthopantomogram  radiograph  showing  how,  although  all  first  molars  were  extracted 
at  the  age  of  10  years,  failure  to  remove  a  root  until  2  years  later  prevented  closure  of  the  lower  right  first 
molar  space. 


the  possible  extent  of  variation  between  individ¬ 
uals,  if  intelligent  predictions  of  future  develop¬ 
ment  are  to  be  made.  To  the  beginner  this  is  a 
most  formidable  task,  for  it  demands  knowledge 
which  can  be  obtained  only  from  careful  observa- 
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understanding  of  development  and  its  variations 
must  be  a  major  objective  of  orthodontists  during 
the  remainder  of  this  century.  By  its  very  nature 
it  must  be  an  extended  study  planned  to  provide 
results  many  years  after  it  has  started. 


THE  SAMPLE 

The  factual  observations  in  this  paper  are  based 
to  a  large  extent  on  the  records  of  a  sample  of 
children  who  have  been  under  observation  since 
birth.  The  sample  contained  originally  529 
subjects,  but  loss  has  now  reduced  this  number  to 


There  are  two  broad  aspects  of  the  develop¬ 
ment  of  occlusion  which  should  be  the  subject  of 
prediction  before  treatment  is  planned.  The  first 
is  the  arch  relationship  which  may  be  expected  at 
maturity,  and  the  second  is  the  alinement  of  the 
teeth  within  each  jaw.  The  latter  is  affected  by  a 


Fig.  3. — Cephalometric  tracings  of  2  sisters  superimposed  at  the  ages  of  4|  and  12£  years  to  show  how 

divergence  of  facial  form  is  caused  by  different  types  of  growth. 


. .  Case  693 

Fig.  4. — Cephalometric  tracings  of  twin  girls  superimposed  at  the  ages  of  5|  and  years  to  show  how 

divergent  growth  increases  the  difference  between  the  two  girls. 


90.  These  have  now  all  passed  the  age  of  16 
years.  Although  these  studies  have  not  shed 
much  light  on  the  aetiology  of  malocclusion,  they 
do  give  information  upon  its  earliest  manifesta¬ 
tion  in  the  dentition,  and  indicate  strongly  that 
this  is  an  approach  that  is  well  worth  pursuing 
further. 


variety  of  local  conditions,  but  is  largely  deter¬ 
mined  by  the  degree  of  crowding  present. 

ARCH  RELATIONSHIP 

Extreme  deviations  of  anteroposterior  jaw 
relationship  are  usually  easy  to  predict,  as  soon 

3 


as  the  deciduous  dentition  is  established.  There  superimposed  on  point  ‘  S  ’  and  oriented  to  the 

is,  however,  rather  more  difficulty  in  giving  a  Frankfurt  plane  (Fig.  3).  By  the  age  of  12^ 

prognosis  for  mild  degrees  of  postnormal  years,  however,  quite  obvious  differences  are 

occlusion.  This  is  well  illustrated  in  the  case  of  apparent.  In  Case  38  facial  growth  has  been 

2  sisters  whose  cephalometric  tracings  at  the  age  almost  entirely  in  a  vertical  direction,  whereas  in 
of  4 \  years  appeared  to  be  very  similar  when  Case  565  growth  has  been  rather  more  forward 


Fig.  5. — A,  Superimposed  tracings  of  2  unrelated  children  who  appeared  to  present  a  similar  problem  at 
the  age  of  years.  B,  Difference  of  subsequent  growth  was  associated  with  a  poorer  prognosis  for  the 
case  showing  most  vertical  growth  at  15  years  ( Case  573);  at  years  this  case  had  a  slightly  shorter  face. 

than  downward.  A  similar  phenomenon  is 
demonstrated  by  tracing  of  2  female  twins  (Fig. 
4).  At  the  age  of  5^  years  the  outlines  appear  very 
similar,  but  3  years  later  there  are  obvious 
differences.  Although  their  appearances  are  very 
similar,  Case  692  was  always  larger  than  her 
sister  and  not  only  grew  at  a  faster  rate  but  also 
showed  more  forward  growth.  This  increasing 
variability  as  growth  proceeds  is  to  be  found  in 
many  aspects  of  development  and  is  probably 
an  expression  of  the  full  blossoming  of  genetic 
potential  coupled  with  the  superimposed  effect  of 
longer  and  longer  exposure  to  environment. 
Attention  was  drawn  to  this  by  Bhatia  (1971)  in 
an  interesting  report  to  this  society  earlier  this 
year.  He  had  found  that  not  only  do  the  mutual 
angular  relationships  of  the  horizontal  planes  of 
the  face  vary  from  one  individual  to  another,  but 
also  that  the  relationships  in  each  case  change 
with  age,  and  these  changes  are  by  no  means 
constant.  As  a  result  there  is  found  an  increasing 
degree  of  variation  in  the  mutual  inclination  of 
these  planes  with  age.  The  mandibular  plane  in 
particular  showed  very  great  variability  as  age 
advanced.  This  is  perhaps  not  surprising  when 
it  is  remembered  that  the  position  of  the  gonion 
on  the  tracing  is  determined  largely  by  muscle 


Fig.  6. — Superimposed  tracings  of  a  girl  at  2 
years  10  months  and  12  years  8  months  on  which 
intermediate  annual  migrations  of  certain  fixed 
points  are  plotted.  It  will  be  noted  that  these  do 
not  follow  straight  line  courses.  This  may 
represent  some  disadvantages  to  superimposing 
on  the  S.N.  plane. 
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influences,  a  factor  which  is  not  likely  to  affect 
greatly  the  S.N.,  Frankfurt,  and  maxillary  planes. 

It  is  often  said  in  textbooks  that  a  large 
Frankfurt-mandibular-plane  angle  is  an  unfavour¬ 
able  sign  when  determining  the  prognosis 
(White,  Gardiner,  and  Leighton,  1967).  By  and 
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duced  by  slight  changes  in  the  position  of  point 
‘  S  ’.  Observation  over  too  short  a  period  could 
quite  easily  suggest  a  deceptive  prognosis.  A  grid 
depicting  the  average  course  of  vertical  growth 
may  be  used  as  a  means  of  assessing  the  trend  of  a 
particular  case.  It  is  necessary  for  this  purpose 
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Fig.  7.— Superimposed  grids  for  male  and  female  subjects  showing  yearly  change  of  mean  dimensions  of 

vertical  height  of  the  face. 


large  it  may  be  accepted  that  the  large  Frankfurt- 
mandibular-plane  angle  is  the  product  of  growth 
in  a  predominantly  vertical  direction,  and  a  small 
angle  the  end-product  of  growth  in  a  forward 
direction.  Although  it  is  quite  easy  to  identify 
such  cases  when  they  are  fully  grown,  it  is  much 
more  difficult  in  the  deciduous  dentition  phase. 
The  tracings  of  2  unrelated  children  at  the  age  of 
6}  years  have  been  superimposed  to  demonstrate 
their  similarity  (Fig.  5).  Both  cases  had  sucking 
habits  and  a  tendency  to  postnormal  occlusion. 
By  the  age  of  15^  years  there  was  a  very  marked 
difference  in  the  direction  of  facial  growth,  Case 
573  showing  a  much  greater  amount  of  vertical 
growth.  Both  children  received  orthodontic 
treatment  to  correct  the  incisor  relation,  and  as 
might  have  been  expected  there  was  some  relapse 
in  the  case  showing  the  larger  amount  of  vertical 
growth.  No  doubt  it  will  be  possible  at  some  time 
in  the  future  to  predict  the  direction  of  facial 
growth  by  analysing  changes  in  profile  tracings 
over  a  period  of  2  or  3  years.  Such  techniques  are 
usually  based  upon  the  assumption  that  growth 
will  continue  to  proceed  in  a  predictable  direc¬ 
tion.  The  work  of  Bhatia  (1971)  suggests  that 
there  is  a  much  greater  degree  of  individual 
variation  than  is  suggested  by  an  examination  of 
the  averages  of  a  sample.  Further  difficulty  is 
presented  by  changes  that  may  take  place  in  the 
orientation  of  the  planes  of  reference.  A  sus¬ 
picion  of  this  possibility  is  shown  by  a  tracing  in 
which  annual  movement  of  certain  landmarks  is 
plotted  (Fig.  6).  It  is  possible  that  deviations  in 
the  paths  followed  by  the  gonion,  the  gnathion, 
and  the  anterior  nasal  spine  could  have  been  pro¬ 


to  separate  male  from  female  subjects  (Fig.  7). 
Such  grids  were  prepared  from  the  records  of  14 
male  and  1 7  female  cases  who  had  been  followed 
from  the  age  of  5^  years.  The  cases  were  not 
selected  on  any  other  basis  than  the  availability 
of  complete  records,  and  included  malocclusions, 
although  there  were  no  major  malformations. 
By  placing  the  grid  over  the  serial  tracings  of  the 
individual  it  is  possible  to  see  at  a  glance  how  he 
departs  from  the  average  (Fig.  8).  Where  pre¬ 
cocious  or  delayed  development  is  suspected  the 
grid  may  be  moved  to  right  or  left  to  obtain  a 
better  fit. 

It  has  been  suggested  that  early  postnatal 
development  of  the  jaws  is  of  particular  import¬ 
ance  to  the  orthodontist  because  it  is  the  age  at 
which  malocclusion  is  first  detected.  This  view 
was  expressed  very  clearly  by  our  first  President, 
J.  H.  Badcock  (1933),  when  addressing  the 
Second  International  Orthodontic  Congress  with 
the  following  words :  ‘  Irregularities  of  the  second 
set  of  teeth  are  foreshadowed  in  the  first,  and 
even  at  birth  future  malrelation  of  the  jaws  may 
often  be  detected.’  Although  the  first  statement 
is  largely  true  there  is  very  little  evidence  to 
support  the  second.  Examination  of  the  gum- 
pads  at  birth  reveals  wide  variation  not  only  of 
size  but  also  of  relationship,  both  vertically  and 
anteroposteriorly  (Fig.  9).  It  is  tempting  to 
believe  that  these  variations  are  related  to  the 
nature  of  subsequent  malocclusion.  In  fact, 
longitudinal  records  of  100  cases  offer  very  little 
evidence  to  support  this  suggestion.  The  vertical 
relationship  of  the  gum-pads  at  birth,  in  par¬ 
ticular,  seems  to  have  very  little  significance.  On 
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the  other  hand,  the  presence  of  a  deep  incisor  regarded,  therefore,  as  an  unfavourable  sign  at 

overbite  in  the  mature  deciduous  dentition  can  the  age  of  5  years.  Prediction  of  the  ultimate 

be  correlated  quite  closely  with  a  similar  overbite  overbite  is  made  difficult  by  the  effect  of  sucking 

in  the  permanent  dentition.  This  should  be  habits  on  the  deciduous  incisor  relationship.  An 


I6yr. 
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Case  1 77 


Case  322 

B 

Fig.  8. — A,  Serial  cephalometric  tracings  of  the  cases  shown  in  Fig.  5.  Superimposition  of  the  tracings 
on  the  grid  of  average  changes  seen  in  female  subjects  shows  how  greater  downward  growth  of  Case  573 
might  have  been  used  to  predict  the  final  difference  between  the  two  girls.  Interrupted  outlines  indicate 
periods  of  treatment.  B,  Serial  cephalometric  tracings  of  a  female  patient  in  whom  vertical  growth  in  the 
lower  part  of  the  face  is  exceptionally  small.  The  mean  grid  for  girls  is  superimposed. 
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open  bite  at  the  age  of  5  years  is  pathognomonic 
of  a  sucking  habit  but  is  only  rarely  followed  by 
an  open  bite  of  the  permanent  dentition.  Calcu¬ 
lation  of  correlation  coefficients  between  selected 
stages  from  birth  and  maturity  (15^  years)  shows 


8  years  when  eruption  of  permanent  incisors  is 
vulnerable  to  the  effects  of  the  habit  {Fig.  10). 
As  the  habit  is  abandoned  so  the  mean  overbite 
gradually  approaches  that  of  the  cases  where  no 
habit  existed. 


Fig.  9. — A,  Study  models  of  two  pairs  of  gum-pads  at  birth,  representing  extreme  variations  of  antero¬ 
posterior  relationships.  B,  Study  models  of  gum-pads  of  twins,  showing  a  marked  difference  of  vertical 
space  (overbite)  anteriorly. 


Table  /. — Correlation  Coefficients  for  Overbite 
between  15£  Years  and  Representative  Stages  of 

Development* 


Age 

(years) 

Correlation  Coefficient 

Whole 

Sample 

No  Sucking 
Habits 

Birth 

002 

007 

3* 

0-52 

0-77 

5* 

0-64 

0-73 

n 

0-68 

0-69 

12* 

0-80 

0-84 

*  Based  on  the  records  of  49  cases  from  whom  no 
permanent  teeth  had  been  lost.  Twenty-six  of  the  49 
had  no  sucking  habit  after  the  age  of  3  years. 

hardly  any  correlation  at  birth,  increasing  to  a 
strong  correlation  at  \2\  years  {Table  1).  Elimin¬ 
ation  of  cases  where  sucking  habits  were  indulged 
after  the  age  of  3  years  emphasizes  the  strength  of 
correlation  between  the  deciduous  and  perman¬ 
ent  dentitions.  It  is  perhaps  pertinent  here  to 
point  out  the  transient  nature  of  the  open  bite 
which  is  produced  by  sucking  habits.  By  com¬ 
paring  the  overbite  of  children  with  and  without 
sucking  habits  it  was  found  that  the  maximum 
difference  occurred  at  about  the  age  of  4  years 
when  the  habit  is  most  active,  and  again  at  about 


INCISOR  OVERBITE  [100  cases] 


Fig.  10. — Graph  to  show  changes  of  mean  over¬ 
bite  between  birth  and  13|  years  in  samples  of 
children  with  and  without  sucking  habits. 


As  with  the  overbite  so  the  overjet  at  birth 
would  appear  to  have  little  significance  in  pre¬ 
dicting  the  future  relationship  of  the  dental 
arches  {Table  II).  A  case  is  now  shown  where  the 
overjet  at  birth  was  particularly  large  (10  mm.) 
{Fig.  11).  In  spite  of  this  it  was  followed  by  only 
a  moderately  postnormal  occlusion.  When  cases 
with  sucking  habits  are  separated  from  the 
remainder  it  is  found  that  although  the  habit 
causes  an  increase  of  overjet  in  the  deciduous 
dentition  phase  this  difference  is  almost  elimin¬ 
ated  by  the  age  of  16  years  {Fig.  12).  Occasion¬ 
ally  the  incisor  overjet  at  the  time  of  eruption  of 
permanent  incisors  is  sufficiently  large  for  the 
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Fig.  12. — Graph  to  show  changes  of  mean 
overjet  between  birth  and  15^  years  in  samples  of 
children  with  and  without  sucking  habits. 


Age 

(years) 

Correlation  Coefficient 

Whole 

Sample 

No  Sucking 
Habits 

Birth 

016 

0-27 

3* 

0-43 

0-65 

5* 

0-55 

0-61 

9i 

0-85 

0-92 

m 

0-93 

0-97 

*  Based  on  the  records  of  49  cases  from  whom  no 
permanent  teeth  had  been  lost.  Twenty-six  of  the  49 
had  no  sucking  habit  after  the  age  of  3  years. 


deal  with  aggregates  which  may  balance  out, 
e.g.,  days  of  good  and  poor  business.  When  we 
predict  unique  phenomena,  on  the  other  hand, 
the  uncertainty  increases  with  time.’  I  should  like 
to  suggest  that  the  factors  which  determine  dental 
arch  relationship  make  up  an  aggregate  in  which 
they  may  balance  out.  Many  measurements  of 


lower  lip  to  lie  palatally  to  the  erupting  incisors. 
In  these  cases  the  incisor  overjet  will  be  increased 
by  the  presence  of  the  lower  lip  which  causes 
proclination  of  the  upper  incisors. 

Lewisohn  (1958)  in  discussing  types  of  prediction 
said :  ‘  As  a  rule  of  thumb,  we  can  say  that  long 
term  predictions  are  easier  to  make  whenever  we 


Fig.  11. — Study  model  series  of  a  case  who 
showed  an  unusually  large  overjet  at  birth. 
Models  were  taken  at  birth,  4  months,  and 
5  years  4  months  and  showed  a  marked  reduction 
of  overjet.  This  might  have  been  greater  had  it 
not  been  for  the  presence  of  a  supplemental  upper 
lateral  incisor. 


Fig.  13. — Models  of  a  case  to  show  how  pre¬ 
normal  occlusion  of  the  deciduous  incisors  is 
found  before  eruption  of  canines. 


Table  II. — Correlation  Coefficients  for  Overjet 
between  15^  Years  and  Representative  Stages  of 

Development* 
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the  facial  bones,  on  the  other  hand,  are  difficult  to  probably  to  guide  the  teeth  to  their  correct 
predict,  behaving  more  like  unique  phenomena.  relationship  as  they  erupt,  after  which  they 

A  number  of  workers  have  pointed  out  that  the  should  be  worn  down  by  attrition.  It  has  been 

function  of  cusps  in  the  human  dentition  is  found  that  as  cusps  of  deciduous  molars  come 


6  yr. 


I 

I 


14  yr.  4  mth.'i 


\  • 
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B 

Fig.  14. — A,  Serial  profile  cephalometric  tracings  of  2  Class  II,  division  2,  cases  showing  changes  of 
incisor  inclination  and  relationship  with  age.  The  interrupted  line  indicates  a  period  of  active  treatment. 
B,  Profile  tracings  showing  the  relationship  of  incisors  to  the  lip  line. 
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into  occlusion  with  opposing  teeth,  they  often 
initiate  new  proprioceptive  sensations  which  con¬ 
tribute  to  a  change  of  occlusal  relation.  This  is 
probably  protective,  but  may  cause  spontaneous 
changes  of  occlusion  as  more  molars  erupt. 
Subsequent  attrition  may  allow  a  return  to  centric 
relation.  Such  changes  of  occlusion  may  either 
increase  or  decrease  the  degree  of  postnormality. 
It  is  also  possible  for  similar  changes  to  occur  as 


division  2  case  in  the  deciduous  dentition.  It 
appeared  at  that  time  that  no  one  present  could 
recall  having  identified  a  Class  II,  division  2  case 
before  eruption  of  the  permanent  incisors.  For 
this  reason  2  cases  are  included  (Figs.  14,  15). 
In  the  first,  lingual  inclination  of  the  deciduous 


Fig.  15. — Serial  study  models  of  the  cases  shown  in  Fig.  14. 


a  result  of  tooth  movement  produced  by  sucking 
habits.  In  a  previous  paper  (Leighton,  1966)  a 
case  was  shown  in  which  a  sucking  habit  caused 
distal  displacement  of  the  mandible  by  narrowing 
of  the  upper  intercanine  width.  Later  a  cross-bite 
was  adopted  and  the  mandible  once  more  moved 
forward  to  a  normal  anteroposterior  relation. 

Provided  the  contribution  made  by  sucking 
habits  is  allowed  for  and  mandibular  displace¬ 
ments  are  not  overlooked,  it  is  possible  to  make 
fairly  accurate  predictions  of  anteroposterior 
relation  by  the  age  of  6  years.  Prenormal 
occlusion,  on  the  other  hand,  is  usually  evident  by 
the  time  deciduous  incisors  begin  to  erupt,  that  is, 
during  the  first  year.  A  case  is  shown  which 
demonstrates  the  very  early  appearance  of  a  pre¬ 
normal  incisor  relationship  (Fig.  13).  It  will  be 
noted  that  this  relationship  was  established  before 
eruption  of  the  canines,  although  it  may  appear 
to  the  inexperienced  that  the  inclined  planes  of 
the  deciduous  canines  at  the  age  of  3  years  have 
played  an  important  part  in  causing  the  pre¬ 
normal  occlusion. 

During  the  discussion  of  a  paper  by  Nicol  to 
this  Society  in  1955,  it  was  remarked  by  Pringle 
that  it  would  be  interesting  to  examine  a  Class  II, 
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incisors  increased  through  toddlerhood.  The 
incisor  overjet  was  increased  when  the  permanent 
incisors  erupted,  but  slowly  diminished  again 
during  the  next  2  years.  The  incisor  overbite  was 
large  throughout  development  from  the  age 
when  the  deciduous  incisors  erupted.  The  second 
case  had  only  an  average  incisor  overbite  in  the 
deciduous  dentition,  and  at  first  showed  little 
lingual  inclination  of  incisors.  It  was  not  until 
the  upper  lateral  incisors  erupted  that  the 
occlusion  took  on  the  typical  appearance  of  a 
Class  II,  division  2  malocclusion. 

In  a  previous  paper  to  this  Society  (Leighton, 
1966)  the  significance  of  crossbites  and  buccal 
occlusion  in  the  deciduous  dentition  was  dis¬ 
cussed  at  some  length,  and  will  therefore  be 
omitted  from  this  paper. 

ALINEMENT  OF  TEETH 

One  of  the  most  characteristic  features  of  mal¬ 
occlusion  in  this  country  is  the  presence  of 
crowding.  Although  this  is  probably  made  worse 
by  indiscriminate  extraction  of  deciduous  teeth, 
there  is  little  doubt  that  there  is  usually  an  under¬ 
lying  disproportion  of  size.  It  has  been  suggested 


by  several  authors  (Tratman,  1950;  Murphy,  1964; 
Begg,  1965;  Dickson,  1969)  that  considerably  more 
space  could  be  made  available  if  we  were  to  suffer 
the  same  amount  of  attrition  as  our  more  hardy 
ancestors.  In  spite  of  the  desirability  of  massive 
attrition,  it  is  unlikely  that  it  would  be  acceptable 
as  a  remedy  for  crowding.  Extraction  of  teeth  is 
a  more  popular  and  more  certain  form  of 
therapy.  It  is  here  that  the  art  of  timing  treat¬ 
ment  is  likely  to  be  of  most  benefit,  and  a 
knowledge  of  the  accuracy  and  the  limitations  of 
prediction  is  valuable.  This  aspect  of  ortho¬ 
dontics  is  particularly  relevant  to  the  work  of  the 
general  practitioner.  It  is  inevitable  that  at  times 
extractions  will  be  required  as  part  of  general 
dental  treatment.  It  will  therefore  be  of  value  to 
him  to  be  equipped  to  make  a  fairly  accurate 
prediction  of  the  degree  of  crowding  to  be 
expected  in  the  permanent  dentition,  and  in  addi¬ 
tion  to  forecast  the  effect  of  extractions  upon  the 
position  of  remaining  teeth.  To  a  large  extent 
crowding  is  a  manifestation  of  the  relation 
between  the  size  of  the  teeth  and  the  size  of  the 
arch  in  which  they  are  to  be  accommodated. 

Several  authors  have  examined  the  degree  of 
correlation  between  the  size  of  the  deciduous 
teeth  and  that  of  the  permanent  teeth  (Moorrees, 
1959;  Lysell,  1960).  Confirmation  has  been 
found  that  correlation  of  the  sum  total  of  all  the 
deciduous  teeth  of  each  arch  is  moderately  strong 
with  that  of  their  successors  ( Table  III).  Because 
certain  teeth  are  so  variable  it  was  felt  that  cor¬ 
relation  between  selected  teeth  of  the  deciduous 
dentition  and  their  permanent  incisors,  canines, 
and  premolars  might  repay  examination.  Their 
variability  makes  lower  incisors  and  canines 
especially  valueless  for  predictions,  the  deciduous 
molars  being  the  better  yardsticks.  However,  no 
individual  tooth  of  either  arch  is  better  by  itself 
than  the  sum  of  all  the  deciduous  teeth.  Equally 
important  with  the  size  of  the  teeth  themselves  is 
the  size  of  the  arch  they  are  to  occupy.  Previous 
authors  have  attempted  to  correlate  measure¬ 
ments  of  arch  width  with  the  amount  of  space 
which  may  be  expected  to  be  available  (Stifter, 
1958).  This  must,  however,  be  made  difficult  by 
wide  variation  in  the  shape  of  the  dental  arch.  It 
seems  more  logical  to  measure  the  circumfer¬ 
ential  length  of  the  dental  arch.  Thus,  the  outer 
periphery  of  each  arch  was  measured  from  a 
point  immediately  buccal  to  the  distal  aspect  of 
the  second  deciduous  molar  to  a  similar  point  on 
the  opposite  side.  In  the  permanent  dentition 
these  points  correspond  to  the  distal  aspect  of  the 
second  premolars  or  the  mesial  aspect  of  the  first 
permanent  molars.  Only  a  modest  correlation 
was  found  between  the  peripheral  length  of  the 
arch  of  the  deciduous  teeth  and  that  of  their 
successors,  when  all  cases  were  considered, 
regardless  of  extractions  ( Table  IV).  On  the 
other  hand,  segregation  of  those  cases  from 
whom  no  teeth  at  all  had  been  extracted  showed  a 


much  stronger  correlation  in  the  deciduous 
dentition  phase. 

Spacing  of  deciduous  teeth  has  for  many  years 
been  accepted  as  a  desirable  phenomenon  as  it 
allows  accommodation  of  larger  permanent  teeth 


Table  HI. — Correlation  Coefficients  of  the  Sums 
of  the  Succession al  Tooth  Diameters  with 
Representative  Deciduous  Teeth  in  103  Cases 


Teeth 

Correlation  Coefficient 

Upper 

Teeth 

Lower 

Teeth 

Incisors 

0-59 

0-47 

Canines 

0-55 

0-33 

First  molars 

0-50 

0-55 

Second  molars 

0-49 

0-59 

First  and  second 
molars 

0-57 

0-65 

Canines,  first,  and 
second  molars 

0-66 

0-63 

All  deciduous  teeth 

0-70 

0-65 

Table  IV. — Correlation  Coefficients  for  the 
Peripheral  Length  of  the  U  pper  and  Lower  Arches 
between  15|-  Years  and  Representative  Stages  of 

Development 


Correlation  Coefficient 


Age 

(years) 

Whole  Sample 

No  Deciduous 
Teeth  extracted 

Upper 

Arch 

Lower 

Arch 

Upper 

Arch 

Lower 

Arch 

3* 

0  61 

0-78 

0-78 

0-70 

5* 

0-64 

0-67 

0-82 

0-79 

n 

0-82 

0  71 

0-88 

0-84 

m 

0-95 

0-93 

0-94 

0-86 

Table  V. — Prediction  of  Crowding  in  the  Lower 

Arch* 


Deciduous  Tooth 
Spacing 
Crowding 
No  spaces 
Less  than  3  mm. 
3-6  mm. 

More  than  6  mm. 


Chances  of  Later 
Crowding 

10  in  10 
7  in  10 
5  in  10 
2  in  10 
None 


*  Based  on  the  longitudinal  records  of  49  cases. 


without  any  very  great  increase  of  anterior  arch 
size.  If  spacing  is  not  established  by  the  time 
the  deciduous  dention  is  completed  it  is  unlikely 
to  appear  later.  In  a  previous  paper  (Leighton, 
1969)  it  was  shown  how  although  there  was  a 
mean  difference  of  6  mm.  and  2  mm.  between  the 
deciduous  tooth  diameters  and  those  of  their 
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permanent  successors  in  the  upper  and  lower 
arches  respectively,  these  figures  represent  very 
wide  ranges.  The  amount  of  spacing  cannot 
afford  by  itself  a  very  precise  indication  of  the 
amount  of  crowding  to  be  expected  in  the 
permanent  dentition.  It  was  found  in  a  sample  of 

Upper  arch  periphery 


Age  (years) 


length  was  only  slightly  larger  than  it  had  been  at 
3  years.  The  changes  that  take  place  in  the 
peripheral  length  of  the  lower  arch  are  broadly 
similar  except  that  no  initial  decrease  of  arch 
length  was  found.  The  increase  between  6  and  10 
years  was  followed  by  a  substantial  decrease 


Lower  arch  periphery 


Age  (years) 


Fig.  16. — Graphs  to  show  changes  of  mean  peripheral  length  of  each  arch  between  3^  and  15£  years  in 
19  cases  from  whom  no  teeth  had  been  extracted.  The  extent  of  individual  variation  is  indicated  by  the 
2  standard  deviation  range. 


49  individuals  that  the  total  amount  of  spacing 
may  be  used  to  estimate  the  probability  of  later 
crowding  ( Table  V). 

Examination  of  the  changes  that  take  place  in 
the  peripheral  arch  length  is  of  considerable 
interest,  and  is  rather  different  in  each  arch.  To  a 
large  extent  these  changes  may  be  related  to 
shedding  and  eruption  of  teeth  (Fig.  16).  By 
following  the  yearly  change  of  mean  peripheral 
length  in  19  cases  from  whom  no  teeth  had  been 
extracted,  it  was  found  in  the  upper  arch  that  an 
initial  decrease  of  peripheral  length  during  the 
deciduous  dentition  phase  was  associated  with 
closure  of  molar  spaces  and  reduction  of  incisor 
protrusion  as  sucking  habits  were  abandoned. 
Between  6  and  10  years  an  increase  of  the  average 
length  accompanied  eruption  of  permanent 
incisors.  The  subsequent  slow  reduction  of 
length  was  initially  due  to  replacement  of 
deciduous  molars  by  premolars.  It  did,  however, 
continue  for  some  time  after  the  premolars  were 
established.  By  15  years  the  mean  peripheral 
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whose  rate  was  sustained  until  at  least  15  years  of 
age.  This  reduction  of  arch  periphery,  especially 
in  the  lower  arch,  was  mentioned  in  the  dis¬ 
cussion  of  a  paper  by  Pringle  (1955)  to  this 
Society  in  which  he  laid  before  the  Society  the 
long-term  results  of  a  number  of  treated  Class  II, 
division  2  cases.  During  the  discussion  Chapman 
suggested  that  delayed  imbrication  of  lower 
incisors  was  so  common  that  it  might  be  con¬ 
sidered  to  be  normal.  This  suggestion  has  since 
found  wide  general  support  in  this  country.  It 
seems  to  provide  a  strong  case  for  the  policy  of 
leaving  some  spacing  at  the  conclusion  of  treat¬ 
ment.  Failure  to  do  so  may  permit  some  imbri¬ 
cation  of  incisors  to  develop  between  the  ages  of 
13  and  16  years. 

A  case  is  shown  to  demonstrate  the  spontan¬ 
eous  closure  of  upper  and  lower  spaces  following 
orthodontic  treatment  involving  the  extraction  of 
upper  first  premolars  and  lower  first  permanent 
molars  (Figs.  17,  18).  The  upper  canines  and 
incisors  were  retracted  and  residual  spacing  was 


A 

spontaneous  closure  of  the  lower  spaces  during  4  years 
1 5  years;  bottom  right ,  1 8  year*). 


Fig.  17. — A,  Models  of  a  case  where  the  upper 
first  premolars  were  extracted  before  retraction 
of  the  upper  canines  and  incisors  with  removable 
appliances.  Later,  the  lower  first  permanent 
molars  were  extracted.  There  has  been  complete 
spontaneous  space  closure  except  for  a  small 
space  between  the  upper  left  canine  and  the  first 
premolar.  B,  Models  of  the  same  case  show  the 
(Top  left ,  12  years;  top  right,  14  years;  bottom  left. 


Fig.  18. — Radiographs  of  the  case  shown  in  Fig.  17 
demonstrate  approximation  of  the  roots  of  the  second 
premolars  and  the  second  molars. 


left.  During  the  next  4  years  the  upper  molars, 
the  second  premolars,  and  the  lower  second 
molars  migrated  mesially  without  tilting  and 
closed  the  spaces.  There  are,  of  course,  some 
cases  for  whom  lower  spacing  might  be  very 
dangerous;  for  example,  a  Class  II,  division  2 
malocclusion  where  the  overbite  is  so  precarious 
that  even  the  slightest  lingual  inclination  of  the 
lower  incisors  would  be  disastrous. 

It  is  now  generally  accepted  that  the  extraction 
of  deciduous  teeth  does  not  always  cause  a  lasting 
loss  of  space  for  the  permanent  dentition.  This  is 
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nearly  always  true  of  cases  with  generous  spacing 
of  the  deciduous  teeth,  but  only  partly  true  where 
there  is  only  a  small  amount  of  spacing.  It  may 
be  a  predisposing  factor  to  late  imbrication  of 
incisors,  as  is  shown  in  the  case  in  Fig.  19.  Lower 
first  deciduous  molars  were  extracted  at  7  years 


Fig.  19. — Models  of  a  case  in  which  the  lower 
first  deciduous  molars  were  extracted.  Although 
the  premolars  appeared  to  erupt  satisfactorily 
later,  this  was  followed  by  some  incisor  imbrica¬ 
tion  soon  after  eruption  of  the  second  molars. 
Models  are  shown  at  5  (top  left),  8  (top  right), 

11  (bottom  left),  and  14  (bottom  right)  years. 

but  the  space  was  regained  when  the  premolars 
erupted.  Later,  however,  some  imbrication  of  the 
incisors  appeared. 

SUMMARY 

It  has  been  the  purpose  of  this  paper  to  draw 
attention  to  the  value  of  a  sound  knowledge  of  all 
development  affecting  tooth  occlusion  and  aline- 
ment,  and  the  ability  to  predict  which  it  will 
confer.  It  is  only  by  fostering  study  along 
these  lines  that  unnecessary  or  inappropriate 
treatment  will  be  eliminated,  and  the  treatment 
given  may  often  be  simplified  by  careful  selection 
of  the  age  for  its  administration.  I  think  it  very 
likely  that  technical  advances  in  the  fields  of 
surgery  and  biophysics  may  greatly  increase  the 
demand  for  precise  and  accurate  prediction  of 
growth  changes.  At  the  moment  we  are  ill 
equipped  to  answer  such  demands. 

In  everyday  practice  there  are  countless  pre¬ 
dictions  which  the  experienced  practitioner 
makes  without  being  conscious  of  the  process  by 
which  they  are  made.  Much  of  this  is  based  upon 
past  experience.  In  the  field  of  orthodontics  this 
is,  however,  obtained  only  after  many  years 


because  of  the  long-term  nature  of  the  changes 
with  which  we  deal.  The  time  has  now  arrived 
when  it  is  necessary  to  attempt  to  record  observa¬ 
tions  made  over  a  long  period  of  time  in  such  a 
way  that  they  can  be  analysed  and  imparted  to 
other  members  of  the  profession  for  use  in  mak¬ 
ing  predictions.  This  was  the  advice  of  North- 
croft  in  1909,  advice  which  has  been  very  largely 
ignored  during  the  last  60  years.  It  would  be 
appropriate,  therefore,  to  conclude  this  paper  by 
quoting  the  final  sentence  from  Northcroft’s 
Presidential  Address,  61  years  ago:  ‘  Before 
bringing  these  discursive  remarks  to  a  close,  I 
would  again  insist  on  the  necessity  of  accumula¬ 
tion  of  facts,  for  many  a  pet  theory  may  be 
rendered  untenable  by  one  awkward,  little 
practical  fact.’ 
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THE  INTERCHANGEABLE  PLASTIC 
BRACKET 


A.  C.  L.  GIBSON,  B.D.S.,  F.D.S.,  D.D.O.,  D.Orth.,  H.D.D. 

Ayrshire  Hospitals  Orthodontic  Service,  Central  Health  Clinic,  Kilmarnock 


Interchangeable  plastic  brackets  were  first 
introduced  in  the  United  States  of  America  during 
1967,  but  they  have  not  yet  been  described  in  the 
British  literature. 

The  system  is  basically  an  attempt  to  camou¬ 
flage  the  hardware  of  the  multiband  fixed  appli¬ 
ance  by  the  use  of  broad-based  white  plastic 
brackets.  These  are  slotted  into  stainless-steel 


Fig.  1. — Interchangeable  plastic  brackets  with 
archwires  in  situ  demonstrating  the  cosmetic 
improvement  over  conventional  multiband  appli¬ 
ances. 

receptacles  which  are  welded  to  all  conspicuous 
bands  (Figs.  1,  2).  This  method  has  the  added 
advantage  of  permitting  brackets  to  be  changed 
during  treatment,  while  the  cemented  bands 
remain  in  situ. 

THE  MATERIAL 

During  the  last  decade  several  outstandingly 
strong  thermoplastics  have  been  developed  and 
labelled  ‘  the  engineering  materials  Of  these 
the  polycarbonates  have  been  found  to  be  ideally 
suited  to  use  in  the  mouth,  and  are  strong  enough 
to  be  fashioned  into  the  delicate  shapes  required 
of  orthodontic  brackets. 

THE  MECHANISM 

As  mentioned  above  this  system  comprises  two 
components:  the  receptacle,  and  the  plastic 
shield  and  bracket. 


The  Receptacle  (Fig.  3) 

This  is  an  open-fronted  stainless-steel  box  with 
overhanging  side  flanges  which  retain  the  plastic 
component  in  position.  The  side  flanges  are 
deficient  in  the  occlusal  one-third  of  the  box  to 
permit  oblique  insertion  and  removal  of  the 
interchangeable  plastic  bracket  over  the  occlusal 
rim  of  the  box.  Once  past  this  rim  or  clip  the 


Fig.  2. — Interchangeable  plastic  bracket  re¬ 
moved  to  reveal  the  arrangement  of  the  welding 
points  in  the  incisor  and  canine  receptacles. 


Fig.  3. — The  stainless-steel  receptacle,  with 
the  gingival  surface  on  the  left  and  the  occlusal 
surface  on  the  right.  Note  the  overhanging 
flanges  on  all  but  the  occlusal  aspects;  also  the 
midline  notches  for  insertion  of  a  ligature  or 
uprighting  spring. 

plastic  bracket  cannot  accidentally  slip  out.  The 
occlusal  and  gingival  flanges  of  the  box  also  are 
incomplete,  having  a  midline  notch  for  the 
insertion  of  either  a  preliminary  ligature,  in  cases 
of  severe  irregularity,  or  an  uprighting  auxiliary. 


Presented  at  the  meeting  held  in  Aberdeen  on  23  October,  1970. 
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Both  the  receptacle  and  the  interchangeable 
plastic  bracket  are  tapered  slightly  towards  the 
gingival  surface  and  are  curved  slightly  mesio- 
distally  to  conform  to  the  corresponding  features 
of  the  labial  surfaces  of  the  incisor  teeth.  Com¬ 
plete  adaptation  to  the  curved  labial  surfaces  of 
the  canine  and  the  premolar  teeth  cannot  be 
achieved  and  this  leads  to  the  welding-points 


Fig.  4. — The  lightwire  interchangeable  plastic 
bracket  with  the  occlusal  surface  on  the  left. 
Note  the  labial  slot  for  the  insertion  of  the 
archwire  and  the  absence  of  a  lockpin  channel; 
also  the  vertical  slot  in  the  base  for  the  accessory 
wires. 

being  confined  to  the  central  region  of  the  box. 
To  avoid  distortion  only  linear  welding  along  the 
long  axis  of  the  tooth  is  advised  for  curved  teeth, 
whereas  widely  spaced  welding-points  are  pos¬ 
sible  in  the  case  of  the  incisors,  giving  a  stronger 
union  between  band  and  box. 

Different  sizes  of  receptacle  are  available,  the 
choice  depending  on  three  factors : — 

a.  The  width  of  band  tape;  3-8  mm.  or 
3-4  mm. 

b.  The  width  of  tooth  mesiodistally;  4  sizes  are 
obtainable. 

c.  The  convexity  of  the  tooth;  limited  welding 
area  restricts  size  for  reasons  of  strength. 

The  sizes  commonly  used  are  ‘  wide  *  for  fll, 
‘  medium  ’  for  2J2,  ‘  narrow  *  for  3J3  and  pre¬ 
molars,  and  ‘  extra-narrow  ’  for  32 1 1 123- 

The  Interchangeable  Plastic  Bracket 

For  descriptive  purposes  the  plastic  component 
can  be  divided  into  two  parts,  although  these  are, 
in  fact,  inseparable:  the  therapeutic  portion,  i.e., 
the  actual  bracket,  and  the  cosmetic  portion,  i.e., 
the  specially  enlarged  base,  which  acts  as  a 
camouflaging  shield,  obscuring  the  maximum 
possible  amount  of  band  and  receptacle.  The 
polycarbonate  used  has  a  translucent,  tooth-like 
appearance  and,  once  the  bracket  is  fitted,  only 
the  flanges  of  the  receptacle  remain  uncovered. 

Both  ‘  lightwire  ’  and  ‘  edgewise  ’  brackets  are 
obtainable,  it  being  possible  to  substitute  the 
different  types  of  bracket  without  the  trouble  and 
expense  of  a  complete  rebanding  operation. 
This  is  primarily  of  advantage  to  operators 
practising  a  hybrid  technique,  e.g.,  completing 
Begg  cases  with  a  few  months  on  edgewise  arches. 
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Edgewise  brackets  are  available  with  two  sizes 
of  slot:  0  017  in.  X  0028  in.  and  0022  in.  X 
0  028  in.  ‘  Large  ’  and  ‘  Medium  ’  bases  carry 
Siamese  brackets.  ‘  Narrow  ’  and  ‘  Extra¬ 
narrow  ’  bear  single  brackets. 

Lightwire  brackets  differ  considerably  from 
those  of  Begg  (Fig.  4).  The  bracket  is  closed  in 
design,  above  and  below,  since  no  pinning  is 


Fig.  5. — Method  of  removing  the  interchangeable 
plastic  bracket. 


required,  the  archwire  being  sprung  through  a 
narrow  labial  slot  into  a  larger  channel,  where 
the  fit  is  loose  enough  to  prevent  binding.  The 
fitting  surface  has  a  vertical  groove  along  the 
midline  of  the  base  coinciding  with  the  corres¬ 
ponding  notches  in  the  receptacle  for  the  insertion 
of  a  ligature  or  root-paralleling  spring. 

INSERTION  AND  REMOVAL 
OF  BRACKETS 

A.  Seating  the  Bracket 

1.  Identify  the  narrower  tapered  end  of  the 
base  of  the  bracket. 

2.  Grasp  one  occlusal  corner  with  a  fine 
haemostat  or  Howe  pliers. 

3.  Engage  the  opposite  gingival  corner  in  the 
appropriate  side  flange. 

4.  Flex  the  base  slightly  to  engage  the  other 
gingival  corner. 

5.  Complete  insertion  with  a  band-pusher  until 
past  the  occlusal  clip. 

B.  Removing  the  Bracket  (Fig.  5). 

1.  The  base  being  inaccessible  to  instrumenta¬ 
tion,  apply  gentle  traction  to  the  bracket  itself. 

2.  Grasp  the  bracket  occlusogingivally  close  to 
the  base  with  a  blunt  pair  of  ligature  cutteis. 

3.  Gently  rotate  the  occlusal  end  of  the  bracket 
over  the  lip  of  the  receptacle. 

4.  The  remainder  of  the  base  should  now  slip 
easily  from  the  receptacle. 

SUMMARY  OF  THE  ADVANTAGES  AND 
THE  DISADVANTAGES 

Advantages 

1 .  Cosmetic  improvement. 

2.  The  archwires  snap  into  the  brackets. 

3.  No  ligatures  or  pins  are  required  to  retain 
the  archwires. 


4.  The  archwires  are  easily  removed  for 
adjustment. 

5.  There  is  a  reduction  in  chair  time. 

6.  The  brackets  may  be  changed  without 
disturbing  the  existing  bands. 

Disadvantages 

1.  The  combined  receptacle  and  bracket  is 
considerably  bulkier  than  a  conventional  metal 
bracket. 

2.  The  receptacle  may  tear  from  the  band  in 
traumatic  situations,  especially  on  convex  teeth. 


3.  The  appliance  is  unsuitable  in  ‘  close-bite  ’ 
cases  unless  combined  with  a  bite-raising  appli¬ 
ance. 

4.  Wide  separation  of  the  welding  points  is 
not  possible  on  convex  teeth. 

5.  Plastic  brackets  may  become  distorted  by 
occlusion  or  instrumentation. 

6.  The  looped  archwires  may  be  deformed  by 
the  snap  method  of  insertion  and  removal. 

7.  No  eyelets  are  available  for  control  of 
rotations. 
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AN  INVESTIGATION  INTO  THE 
PREVALENCE  OF  MOLAR  CROSSBITE 
AND  SOME  ASSOCIATED  AETIOLOGICAL 
CONDITIONS 

A.  J.  W.  DAY,  B.D.S.,  F.D.S.,  D.Orth. 

Consultant  Orthodontist  Birmingham  Dental  Hospital 

T.  D.  FOSTER,  M.D.S.,  F.D.S.,  D.Orth. 

Professor  of  Children's  Dentistry  and  Orthodontics,  Birmingham  Dental  School 


The  condition  of  molar  crossbite  affects  some 
16  per  cent  of  orthodontic  patients  but  has 
attracted  little  attention  regarding  either  aetiology 
or  treatment. 

McCall  (1944),  in  the  study  of  the  occlusion  of 
775  children  between  the  ages  of  2  and  11  years, 
records  5  per  cent  of  posterior  crossbite.  He 
states,  however,  that  where  more  than  one  type 
of  malocclusion  was  found  the  type  having  the 
greatest  functional  significance  was  recorded. 

Rix  (1946),  in  22  cases  of  tooth-apart  swallow¬ 
ing,  recorded  that  7  or  32  per  cent  had  molar 
crossbite.  Leighton  (1953)  in  a  survey  of  2700 
children  stated  that  crossbite  in  the  molar  region 
is  frequently  associated  with  sucking  habits. 
Gardiner  (1955)  in  a  survey  of  Sheffield  school- 
children  puts  the  frequency  at  16  per  cent. 
Munro  (1956)  in  a  paper  on  digit-sucking  said 
that  in  some  cases  of  digit-sucking  unilateral  or 
bilateral  crossbite  may  occur.  Wood  (1962) 
suggested  that  posterior  crossbite  may  be  caused 
by  prolonged  retention  of  primary  teeth,  crowding, 
premature  loss  of  primary  teeth,  palatal  cleft, 
thumb-sucking,  and  arch  deficiencies,  and 
says  that  the  condition  tends  to  relapse  when 
treated. 

In  a  more  recent  publication  Kutin  and  Hawes 
(1969),  in  two  samples  of  children  between  the 
ages  of  3  and  9  years,  showed  8  per  cent  with 
posterior  crossbite  and  came  to  the  conclusion 
that  molar  crossbite  was  not  self-correcting,  a 
crossbite  in  the  primary  dentition  being  followed 
by  a  similar  condition  in  the  mixed  dentition, 
but  that  if  treated  in  the  primary  dentition  it  led 
to  a  normal  bite  in  the  mixed  dentition. 

Hanson,  Barnard,  and  Case  (1970)  found 
12  per  cent  of  lingual  crossbite  in  a  sample  of  214 
pre-school  children.  They  found  that  this  condi¬ 
tion  was  ‘  functionally  associated  with  tongue 

Presented  at  the  meeting 


thrust  with  meaningful  consistency  ’  and  suggested 
that  the  narrow  upper  arch  ‘  possibly  promotes 
thrusting  by  forcing  a  narrowing  of  the  tongue, 
thereby  increasing  its  length 

In  view  of  the  apparent  high  prevalence  of 
molar  crossbite,  an  investigation  was  undertaken 
to  enquire  into  the  origin  of  the  condition  and  to 
assess  its  prevalence  in  a  population  sample  and 
in  an  orthodontic  clinic. 

SOURCES  OF  MATERIAL 

The  material  for  this  investigation  was  derived 
from  the  examination  of  2752  patients  referred 
for  advice  or  treatment  to  the  Orthodontic 
Department  of  the  Birmingham  Dental  Hospital 
between  December,  1966,  and  September,  1969, 
and  from  a  survey  of  965  Shropshire  school- 
children  aged  11-12  years,  conducted  in  the 
Spring,  1970. 

The  Dental  Hospital  material  is  not  representa¬ 
tive  of  a  true  sample  of  the  population  nor  is  it 
truly  similar  to  the  average  orthodontic  practice 
as  it  contains  a  number  of  unusual  types  of 
malocclusion.  It  was,  therefore,  decided  to 
eliminate  from  the  material  20  patients  with  cleft 
palate,  45  non-Caucasians,  244  who  were  over 
the  age  of  15,  1  patient  with  facial  deformity, 
and  1  with  severe  partial  anodontia.  The  244 
patients  over  the  age  of  15  included  a  number  with 
severe  Class  III  occlusion  and  cases  of  lateral 
open  bite,  etc.,  many  of  which  had  already  had 
some  orthodontic  treatment  elsewhere  which  had 
not  proved  entirely  satisfactory.  The  original 
sample  of  2752  which  included  468  cases  with 
molar  crossbite  was  thus  reduced  to  2441  in¬ 
cluding  a  total  of  400  cases  of  molar  crossbite. 
It  is  these  400  patients  which  form  the  main  sub¬ 
ject  matter  for  this  paper  and  from  which  the 

Id  on  9  November,  1970. 
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analysis  of  molar  crossbite  has  been  obtained. 
The  data  from  the  survey  of  Shropshire  school- 
children  has  been  included  for  comparison  with  a 
normal  population. 

EXAMINATION  OF  THE  MATERIAL 

The  examination  of  the  material  was  carried 
out  by  one  or  other  of  the  authors  of  this  paper 
in  order  to  insure  as  far  as  possible  uniformity  of 
criteria.  In  every  case  an  orthodontic  assessment 
was  made  and  all  the  data  obtained  were  recorded 
on  a  punch  card  for  ease  of  processing  at  a  later 
date. 

The  criteria  for  inclusion  in  the  molar  crossbite 
category  was  that  the  upper  permanent  or 
primary  molar  teeth  were  in  linguo-occlusion. 
In  practice  this  meant  the  upper  first  permanent 
molar  was  in  crossbite  in  most  cases.  In  some 
few  cases  the  upper  first  permanent  molar  had 
been  extracted  so  the  second  permanent  or 
primary  molar  was  used  for  assessment.  In  no 
case  has  linguo-occlusion  of  the  upper  premolar 
teeth  been  included  as  the  position  of  these  teeth 
was  considered  to  be  too  unreliable,  influenced  as 
it  is  by  early  loss  of  primary  teeth  and  crowding. 
It  will  be  noted  that  the  term  ‘  molar  crossbite  * 
as  used  in  this  paper  is  not  synonymous  with 
‘  posterior  crossbite  ’  which  is  more  broadly 
based  and  includes  buccal  as  well  as  lingual 
occlusion  of  the  upper  posterior  teeth. 

CLASSIFICATION  OF  MOLAR  CROSSBITE 
IN  RELATION  TO  POSSIBLE  CAUSES 

Consideration  of  the  possible  causes  of  molar 
crossbite  led  to  an  investigation  under  four 
headings  but  two  of  these,  namely,  sucking  habits 
and  tooth-apart  swallowing,  can  be  grouped 
together  as  soft-tissue  behaviour.  The  categories 
used  are,  therefore  (1)  skeletal,  (2)  dental,  and 
(3)  soft  tissue. 

Skeletal  causes  are  those  in  which  there  is 
disharmony  of  the  craniofacial  skeleton.  For 
the  purpose  of  this  paper  these  were  examined 
only  so  far  as  there  was  a  skeletal  Class  III 
relationship  of  the  jaws. 

Dental  causes  are  those  in  which  a  tooth  such  as 
an  instanding  or  misplaced  upper  incisor  may 
cause  deviation  on  closure  owing  to  cuspal  inter¬ 
ference.  The  criterion  for  this  feature  was  that  one 
or  two  upper  incisors  should  occlude  lingually  to 
the  lower  incisors.  If  more  than  two  incisors  were 
instanding  this  was  recorded  as  reverse  overjet. 

Soft-tissue  causes  are  those  where  there  is 
some  deviation  from  normal  behaviour  such  as 
tooth-apart  swallowing  or  sucking  habits.  The 
criterion  for  inclusion  as  a  digit-sucker  was  that 
the  subject  should  still  have  been  actively  indul¬ 
ging  this  habit  at  the  age  of  5  years. 

These  three  classes  do  not  necessarily  include 
every  cause  of  molar  crossbite  neither  are  they 


mutually  exclusive.  For  example,  some  skeletal 
Class  III  cases  sucked  digits  or  had  tooth-apart 
swallowing.  The  three  classes  do,  however,  cover 
at  least  90  per  cent  of  the  subjects  with  molar 
crossbite  (Fig.  1). 


Others 

Others 

Instanding  incisor 

Tooth  apart  swallow 

Sucking  habits 

Instanding  incisor 

Tooth  apart  swallow 

Sucking  habits 

Skeletal  class  III 

Skeletal  class  III 

All  patients.  Molar  cross-bite  patients. 

Fig.  1 . — The  relative  proportions  of  the  features 
investigated  in  the  total  sample  and  in  the  molar 
crossbite  group.  Where  more  than  one  of  the 
features,  such  as  digit-sucking,  tooth-apart 
swallowing,  or  instanding  incisor,  were  present  in 
a  patient  the  necessary  adjustments  have  been 
made  to  preserve  the  correct  proportions. 


STATISTICAL  ANALYSIS 

The  results  of  the  assessment  of  the  2441 
patients  are  shown  in  Tables  I  and  II.  It  can  be 
seen  from  Table  I  that  the  skeletal  Class  III 
subjects  showed  a  very  high  proportion  of  uni¬ 
lateral  and  bilateral  crossbites,  and  statistical 
analysis  showed  a  highly  significant  difference 
between  skeletal  Class  III  and  other  subjects  for 
unilateral  crossbite  (x2  =  100-7092,  FcO-OOl)  and 
bilateral  crossbite  (x2 =412-3804,  PcO-OOl). 

In  order  to  assess  the  significance  of  the  rela¬ 
tionship  between  molar  crossbite  and  the  other 
features  which  were  investigated,  viz.,  instanding 
incisors,  thumb-sucking,  and  atypical  tooth-apart 
swallowing,  a  statistical  analysis  was  carried  out 
using  the  x2  test,  first  on  the  total  sample  and 
then  excluding  the  skeletal  Class  III  subjects, 
From  the  figures  in  Table  I,  the  following  results 
were  obtained : — 

1.  Total  Sample 

a.  Instanding  incisors — unilateral  crossbite: 
59  patients;  x2=56-9267,  d.f.  =  l,  PcO-OOl. 

b.  Instanding  incisors — bilateral  crossbite:  21 
patients;  x2=7- 6563,  d.f.  =  l,  P<0  01. 

c.  Thumb-sucking — unilateral  crossbite:  102 
patients;  x2  =  82-441 9,  d.f.  =  1,  P <0-001. 

d.  Thumb-sucking — bilateral  crossbite:  47 
patients;  %2= 26-8451,  d.f.  =  l,  F=0-001. 

e.  Abnormal  tooth-apart  swallow — unilateral 
crossbite:  48  patients;  x2 =77-4571,  d.f.  =  l, 
P  <0-001. 
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Table  I. — Assessment  of  New  Patients  at  an  Orthodontic  Clinic 
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*The  percentage  occurrence  of  each  feature  in  the  total  crossbite  sample. 


f  Abnormal  tooth-apart  swallow — bilateral 
crossbite:  27  patients;  x3  = 52-6439,  d.f.  =  l, 

<0-001. 

2.  Excluding  Skeletal  Class  III  Subjects 

a.  Instanding  incisors — unilateral  crossbite :  39 
patients;  x2=36-6626,  d.f.  =  l,  P <0-001. 

b.  Instanding  incisors — bilateral  crossbite:  7 
patients;  x2  =  l*4510,  d.f.  =  l,  P  >0-2. 

c.  Thumb-sucking — unilateral  crossbite:  99 
patients  x2  =  125-9596,  d.f.  =  l,  P <0-001. 

d.  Thumb-sucking — bilateral  crossbite:  39 
patients;  x2  =  85-9412,  d.f.  =  l,  P <0-001. 

e.  Abnormal  tooth-apart  swallow — unilateral 
crossbite:  47  patients;  x2  =  1060293,  d.f.  =  l, 

<0-001. 

/.  Abnormal  tooth-apart  swallow — bilateral 
crossbite:  17  patients;  x2 =59-2557,  d.f.  =  l, 
P  <0-001. 

Thus,  with  one  exception,  the  relationship 
between  molar  crossbite  and  the  features  studied 
proved  significant  at  a  high  level  of  probability. 
It  can  be  said,  therefore,  that  there  is  evidence 
that  unilateral  molar  crossbite  is  related  to 
skeletal  Class  III,  instanding  incisors,  thumb¬ 
sucking,  and  abnormal  tooth-apart  swallow,  while 
bilateral  molar  crossbite  is  related  to  skeletal  Class 
III,  thumb-sucking,  and  abnormal  tooth-apart 
swallow.  The  exception  is  the  relationship  be¬ 
tween  instanding  incisors  and  bilateral  crossbite, 
which  failed  to  reach  statistical  significance  when 
the  skeletal  Class  III  subjects  were  omitted.  This 
is,  of  course,  to  be  expected.  The  instanding  in¬ 
cisor  would  tend  to  cause  an  initial  contact  and 
a  deviation  in  the  path  of  mandibular  closure 
leading  to  unilateral  rather  than  bilateral  cross¬ 
bite. 

THE  AETIOLOGICAL  FACTORS  IN  MOLAR 
CROSSBITE 

Skeletal  Class  III 

In  the  skeletal  Class  III  group  there  were  141 
patients  with  molar  crossbite  or  35  per  cent  of  the 
total  crossbite  sample.  At  first  sight  it  might 
appear  that  the  disadvantageous  relationship  of 
the  upper  and  lower  jaws  would  be  sufficient 
cause  to  make  the  dental  arches  occlude  with  a 
molar  crossbite.  If,  as  we  believe,  the  crowns  of 
the  teeth  are  in  equilibrium  with  the  forces  acting 
upon  them,  then  we  can  expect  the  soft  tissues  to 
attempt  to  correct  the  deficiencies  in  the  jaw 
relationship.  In  fact,  this  does  appear  to  happen 
in  a  number  of  cases,  and  in  the  sample  under 
review  only  54  per  cent  of  the  skeletal  Class  III 
cases  had  a  molar  crossbite.  In  the  Shropshire 
survey  56  per  cent  of  the  skeletal  Class  III  cases 
had  a  molar  crossbite. 

There  are,  of  course,  a  number  of  different 
types  which  can  be  included  in  the  skeletal  Class 
III,  some  with  a  high  Frankfurt-mandibular-plane 
angle,  some  with  a  large  mandible,  and  some  with 
a  very  small  maxilla.  Where  the  disharmony  is 


great,  the  soft  tissues  are  unable  to  compensate 
sufficiently  to  prevent  a  crossbite  developing  and  a 
very  small  maxilla  may  not  have  the  growth 
potential  to  respond  to  the  efforts  of  the  soft 
tissues.  Some  cases  have  other  factors  such  as 
tooth-apart  swallowing  and  sucking  habits  which 
contribute  to  the  crossbite  position.  Finally,  the 
position  of  the  tongue  at  rest  in  the  Class  III  case 
may  be  the  deciding  factor  in  determining  the 
presence  of  molar  crossbite  as  in  a  number  of 
patients  the  tongue  at  rest  is  low  in  the  mouth  and 
may  not  offer  much  support  to  the  upper  teeth. 

Ballard  (1959),  in  a  series  of  lateral  skull  radio¬ 
graphs,  showed  that  the  tongue  posture  varied 
as  the  maxillary-mandibular-plane  angle  varies. 
The  higher  the  angle,  the  lower  the  dorsum  of  the 
tongue  in  relation  to  the  hard  and  soft  palates. 
In  other  words,  the  abnormality  of  the  cranio¬ 
facial  skeleton  which  caused  the  Class  III  rela¬ 
tionship  may  also  predispose  to  a  disharmony  of 
the  lingual  and  perioral  musculature. 

Hopkin  (1963)  concluded  that  the  upper  arch 
width  is  not  dependent  on  the  level  of  the  tongue 
at  rest,  which  he  says  is  not  surprising  as  it  is 
primarily  dependent  on  the  size  of  the  base  from 
which  the  alveolar  element  springs  which  is 
genetically  determined.  Cookson  (1967)  using 
lateral  skull  radiographs  found  no  significant 
difference  in  tongue  position  when  comparing 
high  and  low  maxillary-mandibular-plane  angles 
or  when  comparing  patients  who  ‘  had  or  did  not 
have  a  crossbite  in  the  buccal  occlusion  ’. 
However,  it  is  not  the  level  of  the  dorsum  of  the 
tongue  as  revealed  in  lateral  skull  radiographs 
that  is  likely  to  be  the  determining  factor  in 
causing  molar  crossbite  but  the  level  at  which  the 
tongue  seals  against  the  molar  teeth.  If  it  seals 
below  the  occlusal  level  of  the  upper  molars  a 
crossbite  could  be  the  result. 

As  has  been  stated  earlier  some  of  the  skeletal 
Class  III  cases  also  showed  abnormalities  of 
soft-tissue  behaviour  and  some  could  have  been 
included  in  the  dental  group  with  instanding 
incisors.  However,  it  was  felt  that  the  Class  III 
relationship  was  the  dominant  factor  and  so  no 
Class  III  cases  have  been  considered  in  the  dental 
or  soft-tissue  groups. 

Dental 

Cuspal  interference  due  to  instanding  incisor 
teeth  was  present  in  46  or  11  per  cent  of  the 
crossbite  patients,  excluding  those  in  the  skeletal 
Class  III  group.  This  was  the  smallest  group 
under  investigation  and  included  10  patients 
who  had  abnormalities  of  soft-tissue  behaviour 
which  may  have  been  of  more  significance  than 
the  instanding  incisor  tooth.  In  the  Shropshire 
survey  8  cases  or  8-5  per  cent  of  the  total  with 
molar  crossbite  had  an  instanding  incisor. 

All  but  4  patients  had  unilateral  crossbite  as 
might  be  expected  where  cuspal  interference  may 
cause  a  deviation  in  the  path  of  closure.  The  4 
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which  had  bilateral  crossbite  had  small  crowded 
maxillae  and  may  more  properly  belong  to  the 
skeletal  class  of  molar  crossbite  but  could  not  be 
included  as  skeletal  Class  III  because  of  the 
normal  anteroposterior  jaw  relationship. 

Although  statistically  it  can  be  shown  that  there 
is  a  significant  relationship  between  the  instanding 
upper  incisor  tooth  and  a  molar  crossbite  this 
does  not  necessarily  imply  cause  and  effect.  The 
instanding  incisor  tooth  is  most  commonly 
caused  by  crowding  and  it  is  possible  that  other 
more  general  conditions  may  be  responsible  for 
both  instanding  incisors  and  molar  crossbite  in  a 
number  of  patients. 


of  the  opinion  that  the  dental  arches  whether 
normal  or  abnormal  were  in  a  position  that  was  in 
balance  in  soft-tissue  morphology  and  behaviour. 

The  practice  of  orthodontics  is  based  on  the 
knowledge  that  if  a  small  pressure  is  exerted  con¬ 
tinuously  on  the  crown  of  a  tooth,  then  the  tooth 
will  move  if  free  to  do  so,  and  that  in  the  normal 
mouth  many  forces  act  upon  the  crowns  of  the 
teeth  which  must,  therefore,  be  considered  to  be 
in  a  state  of  equilibrium  with  these  forces. 

In  a  study  of  molar  crossbite  it  is  essential  to 
examine  this  paradoxical  situation  and  to  try  to 
resolve  the  differences  of  opinion  because,  as  will 
be  shown  later,  the  soft-tissue  environment  of  the 


Fig.  2. — Diagram  to  illustrate  the  effects  of  suction  on  pressure  measurement  (A)  on  a  suction  disk  and 
(B)  within  the  mouth.  The  pressure  sensor  placed  at  S  will  register  positive  pressure  as  a  result  of  the 
low  pressure  in  the  enclosed  space. 


Soft-tissue  Behaviour 

Ever  since  Rix  (1946)  focused  attention  on 
tooth-apart  swallowing,  orthodontists  have  been 
concerned  to  relate  certain  types  of  malocclusion 
to  this  kind  of  soft-tissue  behaviour.  Whilst 
recognizing  the  association  between  the  mal¬ 
occlusions  and  this  behaviour,  there  have  been 
doubts  that  tooth-apart  swallowing  alone  could 
be  the  cause  of  some  of  the  malocclusions.  In 
recent  years  it  has  become  fashionable  to  attribute 
more  and  more  to  hereditary  factors  and  less  and 
less  to  the  soft-tissue  environment  although,  of 
course,  muscle  activity  is  to  a  large  extent  geneti¬ 
cally  determined. 

Pressure  measurements  on  teeth  by  Friel 
(1926),  Stevens  (1956),  Hopkin  and  McEwen 
(1957),  Kydd  (1957),  and  Sims  (1958)  have 
shown  that  the  pressures  exerted  by  the  lingual 
musculature  exceed  those  of  the  perioral  muscu¬ 
lature  often  by  as  much  as  four  times. 

Winders  (1956)  using  strain-gauges  attached  to 
the  lingual  and  buccal  aspects  of  the  teeth  came 
to  the  conclusion :  ‘  investigation  indicates  that 
there  is  an  apparent  imbalance  of  muscular  forces 
acting  on  the  dentition  between  the  lingual  and 
buccal  sides  with  the  greater  force  being  exerted 
by  the  tongue’.  Dixon  (1959)  concluded: 
‘  Experimental  and  clinical  evidence  cannot  sup¬ 
port  the  view  that  the  dentition  is  in  a  state  of 
balance  with  the  soft  tissues  ’. 

On  the  other  hand,  Brodie  (1954),  Ballard 
(1955),  Hovell  (1956),  and  many  others  are  firmly 
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crowns  of  the  molar  teeth  appears  to  play  a  large 
part  in  the  production  of  some  molar  crossbites. 

No  doubt  some  of  the  difficulties  in  which  we 
find  ourselves  are  due  to  inadequate  knowledge 
of  the  physical  forces  exerted  by  the  actions  of  the 
soft  tissues  which  surround  the  teeth.  This 
applies  particularly  where  negative  air  pressure  is 
produced  during  deglutition  or  other  activity  such 
as  digit-  or  lip-sucking. 

If  a  rubber  suction  cup  clinging  to  a  sheet  of 
glass  is  considered  {Fig.  2 A),  a  strain-gauge 
placed  between  the  rim  of  the  cup  and  the  glass 
would  demonstrate  that  the  rubber  was  pushing 
against  the  glass  or  vice  versa  with  a  pressure 
equal  to  the  difference  between  the  atmospheric 
pressure  outside  and  the  reduced  air  pressure 
inside  the  suction  cup.  No  movement  takes  place 
because  this  is  static  pressure.  If  the  rubber 
suction  cup  is  now  pushed  or  pulled,  the  strain- 
gauge  will  register  more  or  less  pressure  but  still 
a  positive  pressure.  Comparing  this  situation 
with  what  occurs  in  the  mouth  {Fig.  2B)  it  will 
be  seen  that  a  strain-gauge  placed  between  the 
tongue  and  lingual  side  of  a  tooth  will  show  a 
positive  pressure  but  will  take  no  account  of  the 
air  pressure  between  the  tongue  and  the  palate 
which  may  be  much  less  than  atmospheric 
pressure.  The  conditions  of  the  suction  cup  and 
in  the  mouth  are,  of  course,  not  exactly  the  same 
because  the  tongue  is  a  very  versatile  body  of 
muscle  which  can  exert  pressure  in  any  part  by 
virtue  of  the  intrinsic  muscles  and  can  exert 


positive  or  negative  air  pressures  by  means  of 
the  extrinsic  muscles. 


THE  ROLE  OF  NEGATIVE  INTRA-ORAL 
AIR  PRESSURE  IN  THE  AETIOLOGY  OF 
CROSSBITE 

The  relationship  between  molar  crossbite  and 
digit-sucking  and  tooth-apart  swallowing  habits 
leads  to  the  thought  that  the  soft-tissue  behaviour 
could  be  producing  molar  crossbite  by  inducing  a 
negative  air  pressure  in  the  mouth.  The  pattern  of 
air  pressure  changes  in  the  mouth,  in  certain  types 
of  oromuscular  behaviour  was,  therefore,  studied 
using  a  method  previously  described  (Day  and 
Foster,  1970). 

Briefly,  the  intra-oral  part  of  the  apparatus 
consists  of  a  suitable  orthodontic  band  fitted  to  a 
premolar  or  primary  molar  on  the  bucal  aspect  of 
which  is  attached  two  0-5  mm.  SS.  tubes,  one  of 
which  leads  to  the  buccal  side  of  the  molar  teeth 
and  one  to  the  palatal  vault  to  have  its  open  end 
near  the  centre  of  the  hard  palate.  A  polythene 
tube,  0-55  mm.  in  diameter,  connects  the  intra-oral 
appliance  to  a  pressure  transducer  which  is 
connected  to  an  amplifier  system.  The  output  is 
recorded  on  an  ultra-violet  light  recorder. 

Using  this  apparatus  it  was  possible  to  obtain 
precise  measurements  of  the  magnitude  and  dura¬ 
tion  of  negative  air  pressures  in  the  mouth,  and 
from  these  some  idea  of  the  underlying  pattern  of 
behaviour  of  which  tooth-apart  swallowing 
and  digit-sucking  are  the  outward  visible  signs. 

The  digit-suckers  in  the  molar  crossbite  sample 
were  closely  studied  and  compared  with  some 
who  had  no  molar  crossbite. 

Air-pressure  measurements  were  made  in  the 
palatal  vault  and  on  the  buccal  aspects  of  the 
upper  molar  teeth.  These  measurements  were 
usually  the  same  in  the  molar  crossbite  sample 
which  was  in  distinct  contrast  to  those  without 
molar  crossbite  where  the  pressure  measurement 
on  the  buccal  aspect  of  the  molar  teeth  showed 
little  or  no  change  whilst  high  negative  pressures 
were  recorded  in  the  palatal  vault. 

During  digit-sucking  very  severe  negative 
pressures  were  recorded  and  some  of  the  youngest 
subjects  gave  the  most  dramatic  recordings,  often 
in  excess  of  100  units*,  whilst  actively  sucking 
their  fingers  or  thumb.  It  would  appear,  therefore, 
that  the  position  of  the  periphery  of  the  tongue 
whilst  producing  the  suction  in  the  mouth  may 


*The  units  of  pressure  referred  to  are  of  the  order  of 
10'Wm.-2  which  is  approximately  equivalent  to 
g.  per  cm2.  N  (Newton)  is  the  unit  of  force  in  the  new 
International  System  of  Units  (SI)  and  is  that  force 
which  gives  an  acceleration  of  1  m.  per  sec.  to  a  body 
of  1  kg.  mass.  This  means  that  a  mass  of  1  kg.  under 
the  influence  of  gravity  exerts  a  force  9-8  N.  These 
units  are  fully  described  in  ‘  The  International  System 
(S.I.)  Units  ’,  British  Standard  3763. 


be  an  important  factor  in  the  production  of  molar 
crossbite.  The  case  illustrated  (Fig.  3  A)  shows 
continuous  negative  pressure  whilst  thumb-suck¬ 
ing  which  usually  is  in  excess  of  30  units  and  does 
exceed  100  units  at  point  X,  where  the  trace  goes 
off  the  scale.  A  tracing  from  the  same  child  at 
rest  (Fig.  3  B)  exhibits  negative  pressure  of 
between  30  and  50  units  over  a  period  of  1  minute. 


Fig.  3. — Traces  showing  variations  in  intra¬ 
oral  air  pressure  in  a  child  with  a  thumb-sucking 
habit.  A,  Sucking  the  thumb.  B,  Not  sucking  the 
thumb  but  still  producing  prolonged  negative 
pressure. 

Another  recording  (Fig.  4  A)  shows  the  trace  of  a 
child  finger-sucking.  Here  there  is  as  much 
positive  pressure  as  negative  which  demonstrates 
that  the  child  is  not  sucking  the  finger  but  idly 
playing  with  it.  At  point  Y  the  patient  is  swallow¬ 
ing.  A  trace  from  the  same  child  (Fig.  4B)  not 
sucking  her  finger  demonstrates  considerable 
sucking  activity  with  negative  pressure  at  times  in 
excess  of  50  units.  This  is  not  a  sustained  negative 
pressure  but  an  illustration  that  the  sucking 
activity  associated  with  the  digit-sucking  is 
persisting  for  a  while  though  there  is  no  real 
sucking  when  the  digit  is  in  the  mouth.  These 
2  cases  of  digit  sucking  have  been  chosen  to  illus¬ 
trate  this  paper  because  they  demonstrate  rather 
well  some  of  the  more  important  aspects  of  suck¬ 
ing  habits  and  the  associated  malocclusions.  First, 
the  placing  of  a  digit  in  the  mouth  may  only  be 
part  of  a  sucking  activity  which  may  persist  even 
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when  the  digit  is  not  in  the  mouth.  Secondly,  the 
placing  of  a  digit  in  the  mouth  does  not  neces¬ 
sarily  denote  sucking  activity  and,  indeed,  in 
certain  cases  there  may  be  less  sucking  with  the 
digit  in  the  mouth  than  when  it  is  removed. 
Thirdly,  both  the  patients  illustrated  (Figs.  3,  4) 
had  Class  II  dental  base  relationships  where  the 
digit  sucking  had  exaggerated  the  overjet  and 


Fig.  4. — Traces  of  variations  in  intra-oral  air 
pressure  in  a  child  with  a  finger-sucking  habit. 

A,  With  the  finger  in  the  mouth,  showing  very  little 
sucking  activity.  At  point  Y  the  patient  swal¬ 
lowed.  B,  Not  sucking  the  finger  but  showing 
considerable  rhythmic  sucking  activity. 

produced  an  incomplete  overbite  which  made  a 
tongue  to  lower  lip  oral  seal  essential.  Thus,  the 
digit-sucking  may  produce  a  postural  activity 
which  is  akin  to  tooth-apart  swallowing.  In  the 
sample  18  digit-suckers  also  had  tooth-apart 
swallowing  behaviour. 

As  a  result  of  numerous  tracings  obtained  from 
digit-suckers  who  were  still  sucking  and  from 
patients  who  had  ceased  sucking  for  a  year  or  so, 
it  became  obvious  that  the  sucking  activity  may 
persist  for  some  time  after  the  so-called  digit¬ 
sucking  had  ceased.  It  was  for  this  reason  that 
the  criterion  for  the  digit-sucking  was  that  they 
should  be  actively  engaged  in  this  habit  at  the  age 
of  5  years,  the  assumption  being  that  even  if  the 
habit  stopped  abruptly  at  this  age  the  sucking 
activity  at  rest  would  persist  till  after  the  eruption 
of  the  first  permanent  molars. 
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Lawes  (1950)  expresses  the  opinion  that 
malocclusions  caused  by  thumb-sucking  ‘  tend  to 
correct  themselves  if  the  habit  is  broken  by  the 
age  of  five  years  but  do  not  tend  to  correct  them¬ 
selves  if  the  habit  persists  beyond  this  age  *. 

Sucking  habits  were  associated  with  37-2  per 
cent  of  the  molar  crossbite  cases  including  those 
on  skeletal  Class  III  bases.  In  the  Shropshire 


Fig.  5. — A,  The  intra-oral  air  pressure  during 
normal  swallowing  behaviour.  X  shows  the 
collecting  phase  and  Y  the  swallowing  phase. 

B,  The  intra-oral  air  pressure  during  tooth-apart 
swallowing.  There  is  an  absence  of  a  collecting 
phase,  possibly  due  to  the  constant  level  of 
negative  pressure. 

survey  40  per  cent  of  the  molar  crossbite  cases  had 
associated  sucking  habits. 

The  study  of  the  patients  with  tooth-apart- 
swallowing  showed  considerable  variations  in 
behaviour  which  merit  much  more  study.  For 
the  purposes  of  this  paper  it  is  only  possible  to 
discuss  those  aspects  of  the  behaviour  which  differ 
from  normal  swallowing  and  which  may  have  a 
close  connexion  with  the  feature  of  molar 
cross-bite. 

Ballard  (1955)  suggested  that  there  were 
probably  several  differing  types  of  tooth-apart 
swallowing  and  described  two:  those  of  endo¬ 
genous  origin  and  those  whose  habit  posture  has 
been  reflexly  established  to  produce  an  anterior 
oral  seal  where  there  is  an  incompetent  lip  posture 
associated  with  an  increased  overjet. 

Again  Ballard  (1957)  states:  ‘  Open  lip  posture 
results  in  a  habit  pattern  of  activity  during 
swallowing  to  produce  an  anterior  oral  seal, 
sometimes  it  is  just  an  increase  in  the  contraction 
of  muscles  but  frequently  the  tip  of  the  tongue 
also  plays  a  part  by  coming  between  the  teeth 
to  contact  the  lower  lip.’ 


This  investigation  confirms  these  views  and  as 
has  already  been  observed,  digit-suckers  who 
have  produced  an  exaggerated  overjet  and  incom¬ 
plete  overbite  have  a  tongue  to  lower  lip  anterior 
oral  seal.  Furthermore,  in  these  cases,  if  the 
anterior  oral  seal  is  maintained  at  rest  then  this  is 
always  accompanied  by  a  degree  of  negative  pres¬ 
sure  in  the  mouth  as  any  positive  pressure  would 
destroy  the  seal.  Sometimes  this  negative  pres¬ 
sure  can  be  quite  severe. 

Of  the  75  patients  with  tooth-apart  swallowing 
in  the  crossbite  sample,  all  except  1  had  an  in¬ 
complete  overbite  or  incompetent  lips  or  both 
these  features.  Twenty-one  also  had  sucking 
habits  such  as  digit-,  dummy-,  or  lip-sucking  and 
all  made  contact  between  the  tip  of  the  tongue 
and  the  lower  lip  on  swallowing. 

In  any  type  of  swallowing  a  certain  amount  of 
suction  in  the  mouth  is  required.  If  the  fluid  to 
be  swallowed  is  deposited  on  the  dorsum  of  the 
tongue  as  in  breast-feeding  or  whilst  drinking 
from  a  cup  or  through  a  straw  the  amount  of 
suction  required  is  relatively  small.  If,  however, 
fluid  such  as  emulsified  food  is  already  in  the 
mouth,  some  in  the  buccal  vestibule  and  some 
under  the  tongue,  it  can  only  be  collected  effi¬ 
ciently  if  considerably  more  suction  is  produced 
to  drive  the  liquid  out  of  the  various  parts  of  the 
mouth  and  to  collect  it  on  the  dorsum  of  the 
tongue  to  be  swallowed.  In  normal  circumstances 
this  is  achieved  by  lowering  the  tongue  after 
establishing  an  anterior  and  posterior  oral  seal, 
but  in  tooth-apart  swallowing  the  mandible  is 
also  lowered  and  the  tongue  may  lose  contact 
with  the  upper  buccal  teeth. 

Pressure  recordings  were  made  of  a  number  of 
individuals  with  normal  occlusions  and  normal 
swallowing  behaviour.  Many  variations  were 
found  in  different  individuals  but  the  basic 
behaviour  was  usually  the  same.  The  trace  in 
Fig.  5  A  shows  that  the  sucking  activity  necessary 
to  swallow  liquids  is  in  two  phases.  At  X  the 
fluid  is  collected  on  the  dorsum  of  the  tongue  by 
creating  considerable  negative  pressure  (40 
units),  and  this  is  followed  at  Y  by  even  more 
suction  as  the  liquid  is  swallowed  (120  units). 
These  two  phases  may  be  so  close  together  as  to 
appear  a  single  sucking  action  and  occasionally 
the  negative  pressure  in  the  collecting  phase  is 
greater  than  in  the  swallowing  phase. 

The  tooth-apart-swallowing  cases  showed 
much  more  variation  in  behaviour  but  basically 
there  were  two  differences  from  the  normal 
behaviour,  the  most  important  being  the  main¬ 
tenance  of  a  significant  level  of  negative  pressure 
in  the  mouth  at  rest  and  absence  of  the  collecting 
phase  before  swallowing  takes  place.  The  actual 
level  of  negative  pressure  during  the  final  phase  of 
deglutition  does  not  differ  from  that  in  the 
normal  individual  (Fig.  5B).  Some  of  the  cases 
examined  showed  a  rhythmic  sucking  activity 
very  similar  to  that  seen  in  some  of  the  digit- 


suckers  when  not  actively  engaged  in  sucking  a 
thumb  or  finger  (Fig.  6  A). 

In  the  molar  crossbite  sample  18-7  per  cent 
showed  tooth-apart  swallowing  behaviour.  In  the 
Shropshire  survey  27  per  cent  of  the  molar 
crossbite  cases  had  tooth-apart  swallowing. 


Fig.  6. — A,  Trace  of  intra-oral  air  pressure  of  a 
subject  with  tooth-apart  swallowing  behaviour, 
showing  rhythmic  sucking  activity.  B,  Trace  of 
intra-oral  air  pressure  of  a  subject  with  a  molar 
crossbite  of  unknown  aetiology.  The  fairly  high 
level  of  negative  pressure  can  be  readily  seen. 

CROSSBITE  CASES  OF  UNKNOWN 
AETIOLOGY 

The  first  examination  of  the  patients  with  molar 
crossbite  showed  that  87  per  cent  were  associated 
with  one  or  more  of  the  features  already  described. 
The  remaining  13  per  cent  were  then  re-examined 
in  case  any  feature  had  been  overlooked  which 
might  account  for  the  crossbite.  Thirteen  patients 
did  not  attend  for  the  re-examination  but  the  38 
who  did  attend  were  all  tested  for  negative 
pressure  in  the  mouth.  Ten  of  these  patients 
showed  a  sustained  negative  pressure  of  more 
than  15  units  whilst  relaxing  in  an  armchair. 
Seven  of  these  who  had  a  Class  I  occlusion  have 
been  included  in  the  sucking-habit  group  whilst 
3  who  had  a  Class  II  occlusion  with  increased 
overjet  have  been  included  in  the  tooth-apart 
swallowing  group.  The  trace  obtained  from  1  of 
these  is  shown  (Fig.  6B). 

Of  the  remainder,  6  no  longer  had  a  molar 
crossbite,  having  apparently  spontaneously  cor¬ 
rected  following  the  cessation  of  some  habit  or 
correction  of  cuspal  interference,  or  no  longer 
had  their  first  permanent  molars.  Twenty-two 
patients  showed  no  apparent  cause  for  their 
crossbite  and  tests  for  negative  pressure  in  the 
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mouth  did  not  reach  a  high  enough  level  to 
justify  their  inclusion  in  the  soft-tissue  group. 
Most  of  these  patients  also  had  other  faults  in 
their  occlusion:  2  had  lateral  open  bite,  2  had 
missing  upper  lateral  incisors,  1  appeared  to  have 
a  maldevelopment  of  one  side  of  the  maxilla, 
and  in  1  case  the  crossbite  was  caused  by  a 
buccally  displaced  lower  molar.  Several  appeared 
to  have  small  maxillae  with  a  low  rest  position 
of  the  tongue  but  were  not  skeletal  Class  III 
although  they  should  properly  be  included  in  the 
skeletal  group. 

CONCLUSIONS 

The  investigation  shows  that  molar  crossbite 
occurs  in  about  12*6  per  cent  of  the  population 
and  somewhat  more  frequently,  16  per  cent,  in  an 
orthodontic  sample. 

A  small  number,  1 1  per  cent,  of  molar  cross¬ 
bites  were  associated  with  cuspal  interference 
such  as  occurs  with  lingually  placed  upper 
incisors.  These  were  nearly  all  unilateral  as 
might  be  expected  where  there  is  interference 
with  the  path  of  closure. 

Skeletal  Class  III  relationship  is  associated 
with  35  per  cent  of  molar  crossbite  cases  and  may 
be  the  major  aetiological  factor  in  some  cases. 
In  many  cases  there  are  other  factors  involved 
owing  to  the  necessity  for  soft-tissue  behaviour  to 
adapt  to  an  unfavourable  skeletal  pattern.  Thus, 
there  may  be  a  low  tongue  position  with  a  high 
Frankfurt-mandibular-plane  angle  or  some  diffi¬ 
culty  in  maintaining  an  anterior  oral  seal  because 
of  the  reversed  overjet. 

Digit-sucking  and  tooth-apart  swallowing  be¬ 
haviour  are  associated  with  50  per  cent  of  molar 
crossbites  and  form  the  largest  group,  but  these 
observed  patterns  of  behaviour  are  only  the  out¬ 
ward  visible  indications  of  a  sucking  activity 
which  persists  at  times  when  no  habit  activity  is 
in  evidence. 

There  seems  little  doubt  that  sucking  activity 
accompanied  as  it  is  by  a  high  level  of  negative 
pressure  in  the  mouth  for  quite  long  periods  of 
time  may  cause  some  narrowing  of  the  upper  arch 
which  will  lead  to  the  establishment  of  a  molar 
crossbite.  The  deciding  factor  is  likely  to  be 
the  position  of  the  tongue  in  relation  to  the  molar 
teeth.  Also  digit-sucking  and  tooth-apart 
swallowing  behaviour  lead  to  the  formation  of  an 
increased  overjet  and  incomplete  overbite  which 
will  tend  to  perpetuate  abnormal  tongue  and  lip 
posture  at  rest  because  of  the  difficulty  in  main¬ 
taining  an  anterior  oral  seal. 

In  the  treatment  of  molar  crossbite  it  is  essen¬ 
tial  to  ascertain  with  some  degree  of  certainty 
the  aetiological  factors  involved  but  this  can  be 
very  difficult  where  soft-tissue  behaviour  is 
involved.  A  knowledge  of  the  forces  involved  in 
the  sucking  activity  may  be  most  helpful  because 
if  these  are  very  great  there  is  little  hope  of 
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successful  treatment,  but  if  the  activity  has  sub¬ 
sided  to  the  level  of  a  physiological  doodle  then 
the  outcome  is  more  hopeful. 

Where  the  molar  crossbite  is  associated  with 
digit-sucking  and  the  consequent  adaptive 
behaviour  it  should  be  possible  to  restore  normal 
occlusion  once  the  sucking  activity  has  been 
brought  under  control  and  the  overjet  and  over¬ 
bite  are  restored  to  normal  limits. 

Where  the  molar  crossbite  is  associated  with 
tooth-apart  swallowing  it  is  much  more  difficult 
to  make  an  assessment,  but  even  in  such  cases 
where  there  is  a  large  overjet  there  is  hope  that 
the  sucking  activity  will  subside  when  the  overjet 
has  been  corrected.  Intra-oral  air  pressure  read¬ 
ings  before  and  after  the  reduction  of  the  overjet 
would  enable  the  orthodontist  to  obtain  a  clearer 
indication  of  the  possibility  of  successfully 
treating  the  crossbite. 
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SPACE  CLOSURE  FOLLOWING  LOSS 
OF  LOWER  FIRST  PREMOLARS 


A.  COOKSON,  B.D.S.,  F.D.S.,  D.Orth.  R.C.S. 

Dental  Department ,  Good  Hope  Hospital Sutton  Coldfield 


INTRODUCTION 

The  extraction  of  teeth  forms  an  integral  part  of 
the  majority  of  courses  of  orthodontic  treatment 
carried  out  in  this  country.  Following  extrac¬ 
tions  it  is  generally  acknowledged  that  spaces  tend 
to  close.  The  tooth  most  commonly  extracted  is 
the  first  premolar  (Hooper,  1966),  and  in  many 
cases  sufficient  spontaneous  improvement  occurs 
following  the  loss  of  these  teeth  in  the  lower  jaw 
to  obviate  the  need  for  further  appliance  therapy. 
It  would  appear,  however,  on  perusing  the 
literature  that  very  little  work  has  been  done  to 
try  to  assess  the  rate  and  degree  of  such  space 
closure  following  loss  of  lower  first  premolars  in 
otherwise  untreated  lower  arches.  It  was  there¬ 
fore  decided  to  carry  out  an  investigation  to 
assess  this,  and  to  try  and  correlate  such  space 
closure  as  occurred  with  any  possibly  relevant 
aetiological  factors,  such  as  the  degree  of  crowd¬ 
ing,  the  skeletal  or  soft-tissue  patterning,  and  the 
presence  or  absence  of  third  molars. 

REVIEW  OF  THE  LITERATURE 

Many  workers  have  shown  a  correlation 
between  relief  of  crowding  and  extractions  in 
various  parts  of  the  arch.  Reduction  in  the 
prevalence  of  lower  incisor  crowding  following 
extractions  further  back  in  the  arch  has  been 
demonstrated  by  Tulley  (1962),  McEwen  (1964), 
and  Cryer  (1965)  in  studies  of  different  groups  of 
children.  It  has  also  been  established  that  the 
frequency  of  lower  third  molar  impaction  is  re¬ 
duced  by  the  loss  of  teeth  anterior  to  them,  Bjork, 
Jensen,  and  Palling  (1956)  and  Faubian  (1968) 
demonstrated  this  in  two  different  studies  on  the 
prevalence  of  impacted  lower  third  molars. 
However,  the  only  work  which  is  directly  con¬ 
cerned  with  the  effects  of  the  loss  of  lower  first 
premolars  per  se  and  which  is  immediately 
relevant  to  this  project  would  appear  to  be  that  of 
Mills  (1964,  1967,  1970),  who  carried  out  an 
assessment  of  lower  incisor  position  following  the 
loss  of  lower  first  premolars  in  otherwise  un¬ 
treated  lower  arches.  He  studied  the  effects  of 
extraction  on  lateral  skull  X-rays  of  35  children, 
compared  with  a  control  of  23  children  of  the 


same  age-group,  and  showed  that  the  average 
position  of  the  lower  incisors  labiolingually  is 
virtually  unaltered  following  lower  premolar 
extraction.  He  suggested  that  the  ‘  keystone  ’ 
effect  of  the  teeth  is  negligible  but  that  the  zone  of 
muscular  balance  is  all  important.  He  felt  that 
even  the  slight  lingual  movement  which  occurred 
might  be  explained  by  the  forward  movement  of 
the  B  point  during  growth  and  the  resultant 
minute  retroclination  of  the  incisors  as  they  were 
carried  forward,  slightly  out  of  a  position  of 
muscular  balance. 

This  investigation  is  complementary  to  that 
carried  out  by  Dr.  Mills  in  as  much  as  the  results 
of  the  loss  of  lower  first  premolars  has  been 
viewed  from  an  occlusal  rather  than  a  lateral 
viewpoint.  His  findings  and  the  resultant  assump¬ 
tion  of  the  stability  of  lower  incisors  labio¬ 
lingually  are  therefore  fundamental  to  the 
relevance  of  measurements  carried  out  by  myself. 


Table  /. — Constitution  of  the  Group  (±S.D.) 


Number  in  group 
Mean  age  at  first 
impression 

Range  of  ages  at  first 
impression 
Mean  age  at  second 
impression 
Ranges  of  ages  at 
second  impression 
Mean  age  at  time  of 
extractions 
Mean  time  between 
extractions  and 
second  impressions 
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10  3  yr.  (±2) 

5  yr.  11  mth.-15  yr.  lOmth. 
16-2  yr.  (±2-4) 

9  yr.  8  mth.-21  yr. 

11-4  yr.  (±1-5) 

4-9  yr.  (±1-9) 


METHOD 

In  this  investigation  130  patients  attending  for 
routine  orthodontic  treatment  at  the  Royal 
Victoria  Hospital,  Bournemouth,  had  impressions 
taken  for  study  models  at  their  initial  visit.  They 
all  had  lower  first  premolars  extracted  during 
the  course  of  treatment  but  no  lower  arch 
appliance  therapy  at  all.  They  were  recalled 
following  the  completion  of  treatment  and  further 
impressions  were  taken  ( Table  I).  Measurements 
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were  then  made  on  the  study  models  obtained 
from  these  impressions  and  an  initial  check  was 
carried  out  for  the  constancy  of  the  measure¬ 
ments;  those  made  on  30  of  the  models  were 
repeated  after  a  few  weeks.  Despite  the  greatest 
care  being  taken  it  was  found  that  the  reproduci¬ 
bility  of  the  measurements  was  not  as  great  as 


the  points  of  the  dividers  accurately  on  the 
curving  surfaces  of  tooth  cusps  and  that  the  use 
of  a  lens  of  this  nature,  plus  standardized  lighting, 
would  eliminate  errors  due  to  the  vertical  dis¬ 
crepancies. 

The  grid  used  within  the  camera  was  a  one- 
third  linear  reduction  and  this  enabled  even  the 


Fig.  1. — The  camera  set-up  used  in  this 
investigation. 


one  would  desire  and  it  seemed  possible  that  a 
photographic  method  of  recording  model  dimen¬ 
sions  might  produce  more  reliable  results.  A 
method  was  then  evolved  using  photographs 
taken  under  standard  conditions  of  lighting  and 
position  and  with  the  image  of  a  fine  grid  super¬ 
imposed  on  the  picture,  so  that  direct  readings 
could  be  taken  from  the  photograph  of  distances 
at  the  occlusal  surface  of  the  model.  The  grid  was 
produced  by  taking  a  photograph  of  high  quality 
graph  paper  and  scaling  it  down  to  the  pre¬ 
determined  requisite  scale.  This  grid  was  situ¬ 
ated  in  the  back  of  the  camera  nearly  in  contact 
with  the  film  surface,  that  is,  virtually  at  the  focal 
plane  of  the  camera  lens. 

A  long  focal  length  lens  was  used  to  reduce 
errors  due  to  perspective  as  far  as  possible — in 
this  case  the  focal  length  was  105  mm.  It  was  felt 
that  previous  variations  in  measurements  on  the 
models  might  have  been  due  to  failure  to  place 
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Fig.  2. — A  typical  slide  produced  by  the  camera. 


largest  models  to  be  accommodated  within  the 
picture-area  of  a  35-mm.  frame. 

In  order  to  determine  the  correct  distance  of 
the  camera  lens  from  the  occlusal  plane  of  the 
model,  the  camera  could  be  focused  in  the 
normal  way  using  a  large  aperture.  However,  this 
distance  could  also  be  calculated  using  the 

formula  U=(^-+\\,  where  M  is  the  linear  re- 

duction  required, /is  the  focal  length  of  the  lens, 
and  U  the  lens  to  object  distance.  A  distance  of 
42  cm.  was  used  in  this  case. 

The  models  were  trimmed  so  that  the  occlusal 
plane  was  horizontal  and  the  illumination  was  by 
means  of  an  8-inch,  60-watt,  tungsten  filament 
strip-light  positioned  above  and  in  front  of  the 
models.  The  models  were  then  photographed  by 
the  method  described. 

The  images  lost  very  little  of  their  quality 
despite  being  photographed  through  a  grid,  and 
the  resultant  millimetre  network  superimposed 
over  the  entire  picture  area  made  it  possible  to 
measure  down  to  0-5  mm.  with  an  acceptable 
degree  of  accuracy.  A  series  of  30  sets  of  measure¬ 
ments  were  then  compared  for  constancy,  and  as 
these  were  found  to  be  reliable  this  method  was 
adopted  for  the  whole  investigation. 

It  is  worth  digressing  at  this  point  to  mention 
that  this  method  can  also  be  applied  to  photo¬ 
graphing  models  in  occlusion  from  a  lateral  and 
an  anteroposterior  viewpoint  as  well  as  from  the 
occlusal  view  used  here.  All  these  views  can  have 
a  similar  grid  superimposed  to  enable  actual 
measurements  to  be  made  at  the  tooth  surfaces. 
This  could  then  possibly  provide  an  adequate 
method  of  recording  the  information  normally 


obtained  from  reference  models  and  thereby 
avoid  the  problems  of  their  storage  in  large 
numbers. 

Fig.  1  shows  a  photograph  of  the  original 
apparatus  used  in  this  investigation.  It  is  hoped 
to  be  able  to  produce  commercially  a  more 
sophisticated  apparatus  which  has  been  demon¬ 
strated  elsewhere.  Fig.  2  shows  a  typical  photo¬ 
graph  of  a  model  taken  through  the  grid. 

From  the  photographs  measurements  were 
taken  to  indicate  circumferential  arch  length 


Fig.  3.— Arch  measurements.  See  text  for 
definition  of  the  measurements. 


(arch  perimeter).  Points  were  chosen  on  the  first 
permanent  molars  which  were  able  to  be  clearly 
located  on  both  sets  of  models.  In  all  measure¬ 
ments  but  particularly  in  the  case  of  the  first 
molars  it  is  impossible  to  use  the  same  point  in 
every  case.  The  important  fact  is  that  one  is 
concerned  with  establishing  any  changes  in  cir¬ 
cumferential  arch  length  and  comparing  these. 
Therefore,  as  long  as  the  point  chosen  is  exactly 
reproducible  on  both  slides  of  the  models  of  any 
one  case,  this  will  give  the  desired  information. 

The  arch  perimeter  was  measured  in  sections 
by  a  method  similar  to  that  originally  described 
by  Lundstrom  (1949)  except  that  two  of  his 
points  of  reference  were  omitted  {Fig.  3).  The 
distances  measured  were  as  follows :  A  was  from 
a  point  on  the  lower  left  first  permanent  molar  to 
the  distal  corner  of  the  left  mandibular  lateral 
incisor.  B  was  the  same  measurement  on  the 
right  side.  C  was  from  the  distal  corner  of  the 
lower  left  lateral  incisor  to  the  mesial  corner  of 
the  lower  left  central  incisor.  D  was  from  that 
same  mesial  corner  of  the  left  central  incisor  to 
the  distal  corner  of  the  right  lateral  incisor.  The 
addition  of  measurements  /4+2?+C+Z>  thereby 
gives  a  simple  representation  of  the  arch  perim¬ 
eter;  that  before  extraction  being  represented 
by  the  sum  of  A lJt-B1+Ci+D1  and  that  on  the 
second  set  of  models  as  +  +  D2.  The 

reduction  in  circumferential  arch  length  ( X )  is 
therefore  assessed  by  the  simple  subtraction: — 

X  —  (A  i+ B  i  +  C  i  +  D  i) — (A  2~hB2-j-C2-h  T)2) 
This  reduction  in  arch  perimeter  is  equivalent  to 
the  sum  of  the  forward  drift  of  6|6. 


Similarly,  the  degree  of  incisor  crowding  can  be 
assessed  by  subtracting  the  measurements  C+Z) 
from  the  total  width  of  the  4  incisors : — 

Original  incisor  crowding  ( IT)  =  (Sum  of 
width  of  2ljl2)— (Ci+DO. 

Final  incisor  crowding  ( Y2 )  =  (Sum  of  widths 
Of  21|12) —  (C2  +  D2). 

Therefore,  relief  of  incisor  crowding  ( Y)  = 
IT-  Y2. 

This  figure  ( Y)  may  clearly  be  either  a  positive  or 
negative  figure  depending  on  whether  there  has 
been  a  relief  of  incisor  crowding  (if  present)  or  a 
deterioration. 

In  order,  therefore,  to  arrive  at  the  total  space 
closure  which  has  occurred,  both  by  forward 
drift  of  molars  (X),  and  by  relief  of  incisor 
crowding  ( Y)  these  two  figures  simply  have  to  be 
added : — 

Total  space  closure  =  {X+  Y). 

RESULTS 

After  excluding  those  cases  where  subsequent 
extractions  had  invalidated  certain  measurements, 
118  cases  were  used  of  which  52  were  male  and  66 
were  female.  Patients  were  divided  into  those 
recorded  as  having  competent  lips  (76  cases)  and 
those  having  incompetent  lips  (42  cases).  They 
were  also  divided  into  groups  based  upon 
skeletal  and  occlusal  patterns  determined  clinic¬ 
ally.  On  examination  it  was  found  that  the 
number  of  occlusal  Class  II,  division  2,  cases  was 
too  small  to  form  a  statistically  significant  group 
and  so  a  simple  division  was  made  into  occlusal 
Classes  I,  II,  and  III  {Table  II).  The  unusually 

Table  II. — The  Distribution  of  Skeletal  and 
Occlusal  Patterns  (Determined  by  Clinical 

Assessment) 

Pattern  Class  I  Class  II  Class  III 
Skeletal  62  18  38 

Occlusal  67  39  12 

high  proportion  of  cases  with  a  Class  III  skeletal 
pattern  may  show  an  individual  tendency  on  the 
part  of  the  clinician  to  err  slightly  on  the  side  of 
mandibular  prognathism,  as  the  proportion  of 
these  cases  is  higher  than  that  commonly  found  in 
such  surveys. 

Space  Closure  in  Total  Sample 

The  amount  of  space  closure  that  occurred  was 
first  investigated  in  the  total  sample  and  it  was  at 
once  evident  that  clinical  experience  is  supported 
by  the  figures.  In  all  but  3  cases  the  buccal  seg¬ 
ments  moved  forwards  and  in  98  cases  (83  per 
cent),  the  lower  premolar  spaces  closed  com¬ 
pletely.  It  is  interesting  to  note  that  on  average 
over  90  per  cent  of  space  closure  occurs  by  the 
forward  movement  of  the  buccal  segments.  Less 
than  10  per  cent  occurs  by  the  dropping  back  of 
the  canines  and  the  relief  of  incisor  crowding 
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{Table  III).  Furthermore,  the  degree  of  lower 
incisor  crowding  does  not  appear  to  be  statistic¬ 
ally  related  to  the  degree  of  space  closure,  i.e., 
space  closure  is  no  greater  in  those  cases  where 

Table  III. — Space  Closure  in  the  Total  Sample 

Mean+  S.D. 


Space  Closure  (in  mm.) 

By  forward  movement  of  lower  molars 
(X)  9-0±4-4 

By  relief  of  incisor  crowding  ( Y )  0-7  ±0-8 

Total  {X+Y)  9-7  ±4-8 


the  incisors  were  originally  crowded  than  in  those 
where  the  incisors  were  originally  spaced. 

Space  Closure  in  Relation  to  Sex  and  Competent 
or  Incompetent  Lips 

No  relationship  could  be  found  between  space 
closure  and  sex  distribution,  but  there  proved  to 
be  a  strong  correlation  between  space  closure  and 
competent  lips,  a  finding  for  which  no  adequate 
explanation  can  be  offered  {Table  IV). 


Class  II  cases,  owing  both  to  forward  drift  of 
buccal  segments  {X)  and  to  relief  of  incisor 
crowding  {Y),  was  considerably  less  than  in 
Class  I  or  Class  III  cases  {Table  V).  This  cor¬ 
relation  between  smaller  amounts  of  space 
closure  in  skeletal  Class  II  cases  may  be  explained 
by  a  tendency  for  these  cases  to  be  more  crowded 
originally,  the  hypothesis  being  that  the  lower 
buccal  teeth  were  already  in  a  forward  position 
and  little  further  mesial  drift  occurred.  It  might 
even  be  postulated  that  buccal  segments  have  a 
‘  forward-drift  potential  ’,  and  that  this  has  been 
more  nearly  fulfilled  in  Class  II,  crowded,  lower 
arches  than  in  the  other  two  skeletal  or  occlusal 
groups. 

In  order  to  try  to  corroborate  this  a  further 
examination  was  carried  out,  which  showed  that 
there  is  a  much  greater  degree  of  crowding  in  the 
mandibular  arches  of  Class  II  cases  (as  one  would 
expect).  Assuming  a  constancy  of  tooth  size 
throughout  the  sample  a  comparison  of  arch 
lengths  {A  +B+C+D),  as  shown  in  Table  VI, 
gives  an  indication  of  degrees  of  crowding. 


Table  IV. — Space  Closure  in  Relation  to  Sex  and  Competent  or  Incompetent  Lips 


N 

X 

(Mean±S.D. 
in  mm.) 

t 

Y 

(Mean±S.D. 
in  mm.) 

t 

X+Y 

(Mean  is. D. 
in  mm.) 

t 

Male 

Female 

52 

66 

9-35±4-55 
9-35  ±4-64 

}° 

010F1T4 

0-32±0-9 

jl-18 

9-39±4-89 

9-60F4-98 

jo-23 

Competent  lips 
Incompetent  lips 

76 

42 

10-34±4-46 

7-50±4-25 

j>3-37* 

0-34±0-96 

OOlillO 

}i-7 

10-68±4-58 

7-34F4-84 

j>3-72* 

*  Significant  at  a  1  per  cent  level. 


Table  V. — Space  Closure  in  Relation  to  Skeletal  and  Occlusal  Patterns 


Pattern 

N 

X 

(Mean±S.D. 
in  mm.) 

t 

Y 

(Mean±S.D. 
in  mm.) 

t 

*+  Y 

(Mean  itS. D. 
in  mm.) 

t 

Skeletal  1 
Skeletal  II 

62 

17 

9-80±4-52 

5-82=t4-35 

}=3-28* 

016±114 

0-26±l 

jo-33 

9-89±4-94 
6-09  ±4-55 

j2-89* 

Occlusal  I 
Occlusal  II 

66 

39 

10  5  ±4-2 

6-6  ±3-9 

j=4-76* 

r-  oo 

6  6 

-H-H 

o  o 
r-~-  oo 

©  o 

jo-67 

10-9  ±4-4 

6-3  ±4-3 

j5-26* 

Skeletal  II 
Skeletal  III 

17 

38 

5-82±4-35 

1018F414 

j3-63* 

0-26±l 

0-30±0-81 

jo-16 

6-09  ±4-55 
10-42  ±073 

j3-35* 

Occlusal  II 
Occlusal  III 

39 

12 

6-60±3-9 

9-10±3-4 

jl*99 

oo  oo 

6  6 

-H+l 

o  o 
oo  r- 

6  6 

jo-12 

6-30±4-30 

9-30±3-50 

j  2*22f 

*  Significant  at  a  1  per  cent  level, 
f  Significant  at  a  5  per  cent  level. 


Relation  to  Occlusal  and  Skeletal  Patterns 

The  relationship  between  space  closure  and 
occlusal  and  skeletal  patterns  varied  from  the 
expected  result.  It  was  found  that  closure  in 
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Rate  of  Space  Closure 

The  amount  of  space  closure  due  to  forward 
movement  of  buccal  teeth  seems  to  continue  until 
between  4  and  6  years  following  extraction. 


However,  a  comparison  of  space  closure  occur¬ 
ring  between  4-6  years  and  over  6  years  shows  no 
statistically  significant  difference,  and  it  would 
appear  that,  in  general,  space  closure  is  virtually 
complete  after  6  years  or  so  ( Table  VII). 

It  is  interesting  to  note  that  there  is  no  sig¬ 
nificant  relationship  between  the  relief  of  incisor 
crowding  and  the  passage  of  time,  as  might  be 
expected  from  the  earlier  finding  of  the  very  much 
greater  movement  of  the  buccal  segments  than  of 
the  incisors  which  occurs. 


Table  VI. — Arch  Lengths  in  Relation  to 
Occlusion 


Arch  Length 

Occlusal  Class 

N 

(Mean±S.D. 

in  mm.) 

I 

II 

67 

39 

75-9±2 

72-8  ±1-7 

j  4-02* 

*  Significant  at  a  1  per  cent  level. 


absence  of  lower  third  molars  does  not  influence 
space  closure  up  to  12  years  of  age. 

Other  Factors 

No  statistical  relationship  was  found  between 
the  rate  or  extent  of  space  closure  and  the  degree 
of  cuspal  interdigitation — roughly  assessed.  Nor 
was  there  any  evidence  of  upper  arch  treatment 
having  an  effect  on  space  closure.  This  applied 
both  to  treatment  involving  distal  movement  of 
the  buccal  segments  as  well  as  to  retraction  of  the 
upper  labial  segments,  with  any  possibly  con¬ 
comitant  tendency  to  forward  movement  of  the 
upper  buccal  segments  that  might  have  existed. 

DISCUSSION 

The  prime  object  of  this  investigation  was  to 
establish  quantitatively  whether  spaces  do  close 
following  the  loss  of  the  lower  first  premolars, 
and  this  they  undoubtedly  do.  Space  closure  was 
complete  in  83  per  cent  of  cases.  It  would  there¬ 
fore  seem  that  the  application  of  time  and  effort 


Table  VII. — Space  Closure  Related  to  Time  from  Extraction  of  4|4  to  Date  of  Second  Impression 


Y 

X+Y 

Time 

N 

(Mean±S.D. 
in  mm.) 

t 

(Mean±S.D. 
in  mm.) 

t 

(Mean±S.D. 
in  mm.) 

t 

Less  than  4  years 

32 

6-8±4 

j>3-14* 

0-9±0-8 

1  *29 

6-9±4-6 

^2-96* 

4-6  years 

59 

9-6±4-l 

0-7±0-7 

9-8±4-4 

*  Significant  at  a  1  per  cent  level. 


Table  VIII. — The  Relationship  of  Presence  or  Absence  of  8|8  to  Space  Closure  owing  to  Forward 

Movement  of  Lower  Molars 


Presence  or 
Absence  of  sjs 

Patients  under  12  yr.  at  Time  of  X-ray 

Patients  12  yr.  and  over  at  Time  of 
X-ray 

N 

X 

(Mean± 
S.D. 
in  mm.) 

t 

X+Y 
(MeanJz 
S.D. 
in  mm.) 

t 

N 

X 

(Mean± 
S.D. 
in  mm.) 

t 

X+Y 
(Mean± 
S.D. 
in  mm.) 

t 

8|8  present 

8|8  absent 

64 

32 

10  ±4-6 
91  ±3-9 

jo-94 

101  ±4-9 
9-3±4-5 

jo-78 

17 

5 

6-4±3-2 

5-5±2-3 

jo-57 

6-5±3-9 

5-9±3 

jo-31 

Presence  or  Absence  of  Third  Molars 
It  was  surprising  to  find  that  in  the  total 
sample  there  was  no  statistical  evidence  that  the 
presence  or  absence  of  third  molars  influenced 
space  closure  ( Table  VIII).  This  conclusion  was 
reached  by  comparing  groups  above  and  below 
12  years  of  age,  and  it  is  felt  that  if  X-rays  had 
been  available  of  an  older  initial  age-group 
(when  third  molars  were  more  certain  to  be 
present  on  the  X-rays)  a  different  result  might 
well  have  been  obtained.  In  the  meantime, 
however,  it  would  appear  that  the  presence  or 


to  closing  lower  residual  spacing  with  complex 
appliances  is  probably  unnecessary  in  all  but 
a  very  small  percentage  of  cases. 

The  closure  of  these  spaces  is  very  largely  due 
to  forward  movement  of  buccal  teeth.  It 
would  appear  that  very  little  space  is  needed  for 
the  relief  of  incisor  crowding  (less  than  1  mm.  on 
average).  It  is  virtually  impossible  to  establish  a 
quantitative  degree  of  incisor  crowding  which  is 
universally  applicable,  or  to  describe  exactly  what 
constitutes  an  acceptable  rather  than  an  ideal 
incisor  alinement.  However,  it  was  estimated 
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that  an  acceptable  alinement  of  the  incisors  was 
achieved  in  94  out  of  the  118  cases. 

Space  closure  is  directly  related  to  the  degree  of 
total  arch  crowding  present  but  not  to  the 
degree  of  incisor  crowding.  This  possibly 
explains  the  fact  that  space  closure  in  Class  II 
case  was  less  than  either  in  Class  I  or  Class  III 
cases,  it  being  postulated  that  forward  movement 
of  6|6  had  already  occurred  in  these  cases.  How¬ 
ever,  an  alternative  possible  explanation  has  been 
suggested  by  Mills  (1970)  to  the  effect  that  cuspal 
interference  during  treatment  may  influence  the 
lack  of  forward  movement  of  the  buccal  seg¬ 
ments  in  such  cases.  When  upper  arch  treatment 
is  being  carried  out  the  upper  first  molars  are  held 
in  place  by  the  appliance  and  they,  by  cuspal 
interference,  might  hold  the  lower  molars  back. 
Lower  spaces  would  tend  to  remain  while  upper 
treatment  proceeds.  In  favour  of  this  argument  is 
the  fact  that  all  but  7  of  the  Class  II  cases  did 
receive  upper  arch  treatment,  and  of  those 
7  occlusal  Class  II  cases  who  did  not  have 
upper  arch  treatment,  only  3  were  diagnosed 
as  also  having  a  Class  II  skeletal  base  relation¬ 
ship. 

The  presence  or  absence  of  third  molars  on 
X-rays  in  patients  under  12  years  of  age  does  not 
appear  to  influence  the  degree  or  rate  of  space 
closure.  This,  however,  does  not  necessarily 
apply  to  older  age-groups,  where  clinical  experi¬ 
ence  suggests  that  the  reverse  applies. 

Finally,  it  is  worth  commenting  that  there  is  a 
well-proven  connexion  between  the  loss  of  first 
premolars  and  a  decreased  incidence  of  third 
molar  impaction.  As  already  mentioned  in  the 
review  of  the  literature,  Bjork  and  others  (1956), 


Faubian  (1968),  and  others  have  all  shown  such 
a  correlation  to  be  highly  significant.  The  degree 
of  forward  movement  of  the  buccal  segments 
subsequent  on  the  loss  of  the  lower  first  pre¬ 
molars  found  in  this  investigation  would  seem  to 
offer  further  corroboration  to  the  likelihood  of 
this  being  true. 
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INTRODUCTION 

The  object  of  this  paper  is  to  present  a  compre¬ 
hensive  treatment  procedure  for  the  Class  II, 
division  1  malocclusion,  on  moderate  and  severe 
Class  II  skeletal  patterns,  utilizing  both  remov¬ 
able  and  fixed  appliances.  This  is  not  a  new  tech¬ 
nique  but  a  procedure  that  has  been  built  up  over 
the  years  at  the  Eastman  Dental  Hospital, 
London,  and  one  that  we  feel  is  particularly 
applicable  to  orthodontic  practice  in  this  country. 

Essentially,  following  the  loss  of  sufficient 
teeth  the  upper  canines  are  retracted  and  the  over¬ 
bite  is  reduced  with  a  removable  appliance,  after 
which  fixed  appliances  are  inserted  and  the  over¬ 
jet  is  reduced  utilizing  apical  control.  The  gradual 
and  logical  build-up  of  the  appliances  as  treat¬ 
ment  progresses  will  be  shown,  which  is  unlike 
the  more  time-consuming  initial  full-banding 
procedures  required  in  some  multiband  tech¬ 
niques.  The  fixed-appliance  technique  used  here 
is  based  on  that  described  by  Hill  (1954)  and 
subsequently  by  Briggs  (1960,  1966)  and  Parker 
(1965),  which  utilized  the  Ripple  bracket  and 
round  wire  working  arches.  Many  changes  have 
been  made  since  then — Siamese  Edgewise  brackets 
have  replaced  the  Ripple  bracket  because  of  the 
greater  accuracy  of  bracket  engagement,  and 
much  lighter  gauge  wires  are  now  used  initially  to 
produce  tooth  alinement. 

In  this  paper  diagnosis  will  not  be  given  in 
detail,  it  being  presumed  that  the  four  first 
premolars  are  the  teeth  of  choice  for  extraction. 

The  initial  aim  is  to  retract  the  upper  canines 
into  a  Class  I  relationship  with  the  alined  lower 
canines.  Although  removable  appliances  gener¬ 
ally  promote  tilting  of  the  teeth,  such  appliances, 
if  necessary  augmented  by  extra-oral  anchor¬ 
age,  are  useful  for  producing  the  initial  retraction 


of  the  upper  canines.  Considerable  anchorage  is 
provided  by  the  palatal  coverage  and  overbite 
reduction  can  begin  immediately  with  the  use  of 
an  anterior  bite-plane.  Adequate  overbite 
reduction  is  essential  if  the  upper  incisors  are  to  be 
retracted  fully  into  a  stable  position.  Whilst  the 
upper  canines  are  being  retracted  there  is  often 
considerable  spontaneous  lower  incisor  alinement. 
A  lower  fixed  appliance  is  then  used  to  aline  the 
teeth  fully,  correcting  any  rotations  and  further 
reducing  the  overbite.  Following  this  there  is 
usually  some  residual  lower  arch  space  which  is 
utilized  to  provide  Class  II  traction  to  the  upper 
incisors  during  overjet  reduction,  so  bringing 
forward  the  lower  molars  into  a  Class  I  relation¬ 
ship. 

Where  the  upper  incisors  are  upright,  reduction 
of  the  overjet  will  require  apical  control  if  severe 
retroclination  and  a  Class  II,  division  2,  type  of 
incisor  relationship  is  to  be  avoided.  Indeed,  in 
some  cases  the  stability  of  the  final  result  is 
dependent  upon  achieving  bodily  movement  of  the 
upper  incisors  (Ballard,  1967),  and  this  movement 
can  only  be  satisfactorily  carried  out  with  a  fixed 
appliance.  The  effect  of  such  an  appliance  on  the 
upper  incisors  compared  with  that  obtained  with  a 
removable  appliance  can  be  seen  in  Fig.  1 .  At  Fig. 
la  the  incisors  have  been  retracted  with  a  remov¬ 
able  appliance  and  the  teeth  have  rotated  around  a 
fulcrum  formed  between  the  middle  and  apical 
third  of  the  root.  The  apices  have  thus  moved 
forward,  and  in  some  cases  this  is  indeed  desir¬ 
able.  The  two  tracings  on  the  right  show  the 
results  of  attempting  to  move  the  apices  palatally 
with  a  fixed  appliance.  This  would  be  brought 
about  by  a  torque-force  in  the  archwire  trans¬ 
mitted  to  the  tooth  by  means  of  Begg  spurs.  In 
Fig.  lb  the  degree  of  torque  is  just  enough  to 


Paper  presented  at  the  Scottish  Meeting  held  in  Aberdeen  on  23  October,  1970.  Original  table  demon¬ 
stration  presented  at  the  Country  Meeting  of  the  B.S.S.O.  held  in  Brighton  in  May,  1970. 
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rotate  the  tooth  around  its  apex,  thus  preventing 
the  apex  from  moving  forward.  In  Fig.  lc  the 
torque  has  been  increased  so  that  the  incisors 
have  actually  moved  bodily.  Where  bodily 
movement  is  attempted  the  use  of  extra-oral 
anchorage  is  essential  in  nearly  all  cases,  since 
that  provided  by  the  posterior  teeth  of  either  arch 
would  be  inadequate. 

Any  Class  II,  division  1  malocclusion  may  be 
treated  with  this  procedure  though  it  is  particu¬ 
larly  suitable  for  those  cases  where  there  is  a 


STAGE  A 

Full  orthodontic  records  should  be  obtained 
and  a  complete  diagnosis  and  treatment  plan 
outlined.  A  fresh  working  impression  of  the 
intact  upper  arch  is  then  taken  and  the  four  first 
premolars  extracted  about  1  week  before  fitting 
the  initial  removable  appliance. 

Removable  Appliance  Design 

The  appliance  (Fig.  3)  is  retained  by  means  of 
0-7-mm.  Adams’  clasps  on  the  first  molars 


a  b  c 


Fig.  1. — Retraction  of  upper  incisors  using 
(a)  a  removable  appliance,  (b)  a  fixed  appliance 
limiting  labial  movement  of  the  apex,  and  (c)  a 
fixed  appliance  producing  bodily  tooth  move¬ 
ment. 


Fig.  3. — Removable  appliance  used  to  retract 
the  maxillary  canines  (viewed  from  the  under¬ 
surface).  The  canine  springs  and  separate 
0-5-mm.  guard  wires  are  visible. 

severe  skeletal  discrepancy.  A  typical  case  on 
moderate  Class  II  dental  bases  is  shown  in  Fig.  2. 
The  lips  are  incompetent,  the  lower  lip  acting 
behind  the  upper  incisors.  The  overjet  is  increased 
with  fairly  upright  upper  incisors  and  there  is  an 
increased  and  complete  overbite.  Typically  the 
lower  incisors  are  crowded  and  the  molar 
relationship  is  Class  II. 

For  the  purposes  of  this  paper  the  technique  to 
be  described  is  divided  into  four  stages.  It  must 
be  emphasized,  however,  that  these  are  not  neces¬ 
sarily  separate  and  in  practice  the  various  stages 
overlap. 
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Fig.  2. — Tracing  of  a  lateral  skull  radiograph 
showing  a  typical  severe  Class  II,  division  1 
malocclusion  on  a  Class  II  skeletal  pattern. 


(Adams,  1957),  and  a  0-7-mm.  labial  bow  closely 
fitted  to  the  upper  central  incisors  with  small 
adjustment  loops  close  to  the  distal  margins. 
Palatal  springs,  0-5  mm.  in  diameter,  approxi¬ 
mately  18  mm.  long,  are  used  to  retract  the  upper 
canines.  Separate  0-5-mm.  guard  wires  are  placed 
in  the  base-plate  between  the  springs  and  the 
palatal  mucosa  to  prevent  any  tendency  for  these 
springs  to  impinge  on  the  mucosa  during  use. 
In  order  to  minimize  distal  tilting,  the  working 
arms  of  the  springs  are  placed  mesial  to  the 
canines  as  close  to  the  gingival  margins  as 
possible  and  activated  by  approximately  2  mm. 
each  month.  This  produces  1-2-mm.  retraction  of 
the  canines  between  each  visit. 

The  acrylic  covering  the  palate  is  built  up  into  a 
flat  anterior  bite-plane,  extending  from  the  distal 
of  each  canine.  On  fitting  the  appliance  the 
acrylic  is  so  adjusted  that  when  the  lower  incisors 
contact  the  bite-plane  the  posterior  teeth  are 
separated  by  not  more  than  2  mm.  These  minimal 
bite-planes  seem  well  tolerated  from  the  start, 
and  at  succeeding  appointments  cold-cure  acrylic 
is  added  to  increase  the  height  of  the  bite-plane 
so  as  to  even  out  the  often  crescent-like  form  of 
the  incisor  tips  and  eventually  to  4  depress  ’  the 
lower  incisors  and  canines.  The  aim  at  the  end  of 
this  phase  of  treatment  is  to  level  out  the  lower 
incisors  so  that  they  are  even  in  height  with  the 


overbite  reduced  almost  to  an  ‘  anterior  open 
bite  ’  position. 

The  fitted  labial  bow  serves  to  increase  the 
anchorage  and  retention,  since  the  teeth  are 
prevented  from  tilting  by  the  bow  labially  and 
the  acrylic  palatally.  The  anchorage  can  be 
further  reinforced  by  engaging  the  metal  arms 
of  an  extra-oral  headgear  on  to  mesial  pointing, 
soft,  0'7-mm.,  wire  hooks,  which  are  tack-welded 
and  then  soldered  to  the  loops  of  the  labial  bow 
{Fig.  4).  The  extra-oral  anchorage  headgear 


Fig.  4. — Upper  removable  appliance,  anterior 
view.  Note  the  fitted  labial  bow  on  fi]  with 
soldered  0'7-mm.  soft  wire  hooks  for  attachment 
of  the  extra-oral  anchorage. 

preferred  is  the  ‘  Northwest  ’  full  headcap  type 
and  is  adjusted  so  that  when  the  arms  are 
attached  to  the  removable  appliance  there  is  an 
upwards  and  backwards  pull.  For  extra-oral 
anchorage  the  force  applied  need  only  be  moder¬ 
ate  (300  g.  each  side),  with  the  headgear  being 
worn  each  night  whilst  in  bed  for  approximately 
10  hours  {Fig.  5). 

Clinical  Technique 

Retraction  of  the  maxillary  canines  takes 
between  4  and  8  months,  the  aim  being  to  place 
them  just  better  than  Class  I  to  the  eventually 
alined  position  of  the  lower  canines.  Although 
every  effort  is  made  by  the  use  of  gentle  forces  to 
minimize  the  tilting  of  the  maxillary  canines,  since 
these  teeth  often  have  to  be  moved  long  distances 
some  tilting  becomes  inevitable.  In  many  cases 
we  have  noted  in  the  succeeding  stages  of  the 
technique,  where  the  canines  are  merely  prevented 
from  moving  forwards,  that  a  high  degree  of 
spontaneous  uprighting  occurs,  the  tilting  appar¬ 
ently  being  largely  self-correcting.  During  the 
use  of  the  removable  appliance  the  lower  arch  is 
closely  observed  to  ensure  that  no  rapid  loss  of 
space  occurs  by  mesial  drift.  It  is  certainly  noted 
that  a  reasonable  degree  of  self-alinement  takes 
place  and  this  allows  for  the  easier  preparation 
and  insertion  of  the  bands  in  the  lower  arch. 
Additionally,  with  a  slight  amount  of  mesial 


drift  the  molar  relationship  is  seen  to  improve  as 
the  lower  first  molars  move  more  towards  Class  I. 

At  each  routine  appointment  several  of  the 
bands  for  the  lower  arch  are  prepared,  and  before 
the  maxillary  canines  have  been  fully  retracted 
all  the  lower  bands  should  have  been  cemented 
into  position  and  the  working  archwires  fitted. 

Preformed  bands  are  chosen  for  the  lower 
canines,  second  premolars,  and  first  molars.  The 
lower  incisor  bands  are  drawn  up  by  hand  using 
3-5x0-08-mm.  tape,  onto  which  have  been 


Fig.  5. — Extra-oral  anchorage  in  position. 


welded  0-55x0-71-mm.  small  Siamese  Edgewise 
brackets.  The  lower  incisor  bands  are  formed  so 
that  the  brackets  lie  halfway  up  the  clinical 
crowns  of  the  teeth  and  at  right  angles  to  their 
long  axes.  Medium  width  Siamese  brackets  are 
now  welded  to  the  preformed  bands  chosen  for 
the  lower  canines  and  second  premolars  and 
rectangular  buccal  tubes  are  welded  to  the  buccal 
aspect  of  the  lower  first  molars,  parallel  to  the 
occlusal  surface  {Fig.  6).  In  those  cases  where  one 
of  the  main  problems  will  be  the  provision  of  an 
adequate  reduction  of  the  overbite  the  lower 
second  permanent  molars  are  banded,  and  these 
teeth  carry  the  buccal  tubes,  whilst  a  wide  Siamese 
bracket  is  placed  on  the  lower  first  molars. 

It  is  important  to  ensure  that  the  distances 
between  the  tips  of  the  cusps  and  the  central 
channel  of  the  brackets  are  the  same  for  all  teeth, 
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as  are  the  distances  between  the  tips  of  the  lower 
molar  cusps  and  the  centre  of  the  tube  (Fig.  6). 
This  is  to  enable  archwires  to  aline  and  depress  all 
the  teeth  evenly  without  any  need  for  repeated 
compensatory  bands  in  the  vertical  plane.  The 
exceptions  are  the  lower  canines  where  the 
brackets  may  be  set  slightly  more  incisally  to 
ensure  that  these  teeth  are  adequately  taken 
beneath  the  general  level  of  the  occlusal  plane,  so 
preventing  them  from  interfering  with  the  required 
movements  of  the  maxillary  dentition. 


Fig.  6. — Lower  arch  bands  in  place  with  brackets 
and  buccal  tube  at  the  correct  height. 


Fig.  7. — A  Kloehn  type  of  face  bow  in  position 
attached  to  bands  on  6|6. 

Additional  Feature 

A  variation  in  this  stage  is  required  in  some 
cases.  Where  the  molar  relationship  is  a  full  unit 
Class  II  or  more,  and  this  is  associated  with  lower 
incisor  crowding,  then  more  than  one  unit  of 
space  will  be  required  in  the  upper  arch  if  the 
upper  canines  are  to  be  placed  in  a  Class  I 
relationship  with  the  lower  canines.  This  space 
may  be  provided  by  further  extractions  or  more 
usually  by  the  distal  movement  of  the  upper  first 
permanent  molars  prior  to  the  retraction  of  the 
upper  canines  (removing  the  second  permanent 
molars  if  this  is  thought  to  be  necessary). 

Before  any  extractions  are  carried  out  the  upper 
first  permanent  molars  are  banded  and  double 
tubes  are  soldered  to  the  buccal  aspect,  a  T 1 5-mm. 
tube  occlusally  and  a  0-9-mm.  tube  gingivally.  A 
Kloehn  type  of  face  bow  is  constructed  with  an 
inner  arch  of  IT  5-mm.  wire  and  an  outer  bow  of 
T5-mm.  wire.  By  using  differing  sizes  of  elastic 
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bands  to  the  neck  strap,  the  tension  is  so  adjusted 
to  give  a  force  of  approximately  450  g.  on  each 
side.  The  appliance  (Fig.  7)  should  be  worn  for 
not  less  than  12  hours  a  night  and  the  upper  first 
permanent  molars  moved  back  far  enough  to 
produce  the  required  space.  Once  the  extra-oral 
traction  is  being  worn  well  the  four  first  premolars 
are  extracted.  This  will  allow  the  canines  to  drop 
back  somewhat  before  being  actively  retracted.  If 
there  is  posterior  crowding  in  the  maxilla  and 
distal  movement  of  the  upper  first  permanent 
molars  is  slow,  then,  provided  that  the  third 
molars  are  present,  the  upper  second  permanent 
molars  may  be  extracted.  Tension  on  the  head- 
gear  is  now  reduced  to  about  300  g.  on  either 
side  and  an  upper  removable  appliance,  similar 
to  the  one  previously  described,  is  inserted  to 
retract  the  upper  canines.  Posterior  retention 
(Fig.  8)  in  this  case,  however,  is  provided  by 
recurved  clasps  in  0-7-mm.  wire  around  the 
buccal  tubes  on  the  upper  first  permanent  molars 
(Plint,  1961).  The  appliance  also  carries  a  flat 


Fig.  8. — Retention  for  the  removable  appliance 
provided  by  a  0-7-mm.  recurved  clasp  around  the 
buccal  tube  on  the  upper  first  permanent  molar 
band. 

anterior  bite  plane  as  before  to  commence 
overbite  reduction. 

STAGE  B 

By  this  time  all  the  lower  bands  have  been 
cemented  on  to  the  teeth.  During  this  phase  of 
treatment  lower  arch  wires  are  inserted  to  produce 
bracket  alinement  and  to  maintain  overbite 
reduction.  The  upper  bands  are  constructed  with 
the  correct  attachments,  and  archwires  are  in¬ 
serted  to  aline  the  teeth  prior  to  overjet  reduction. 

Archwires  are  formed  mainly  from  austenitic 
stainless-steel  wire,  heat-treated  and  cold-drawn 
to  give  sufficient  strength  and  flexibility.  Flexible 
archwires  are  needed  initially  to  produce  bracket 
alinement.  Usually  these  are  O-35-mm.  or  0-40- 
mm.  diameter  wire  or  a  multistranded  archwire. 
If  necessary  the  flexibility  of  a  wire  may  be 
increased  by  the  incorporation  of  loops  or  third 


power  bends.  These  have  been  described  by  Hill 
(1954)  and  Begg  (1956)  and  simply  increase  the 
length  of  wire  incorporated  in  the  archwire 
(Figs.  9,  10).  Twistflex  (Unitek)  and  Orthoflex 
(Dentaurum)  examples  of  multistranded  wires 
are  fine  cables  of  three  wires  twisted  tightly 
together  to  produce  varying  sizes  (Eirew,  1969). 


Fig.  9. — Vertical  loops  or  third  power  bends 
which  locally  increase  the  flexibility  of  an  arch- 
wire. 


Fig.  11. — Occlusal  view  of  a  0-45-mfn.  space¬ 
closing  archwire  in  position.  Note  the  space¬ 
closing  loops  in  the  first  premolar  regions,  and 
the  ‘  ideal  ’  arch  form  with  horizontal  offset  bends 
between  the  canines  and  second  premolars,  and 
the  second  premolars  and  molars.  A  straight 
wire  between  these  brackets  would  otherwise  not 
allow  for  the  normal  buccolingual  differences  in 
tooth  width. 

They  are  extremely  flexible  and  are  ideal  for 
initial  bracket  alinement,  0-45-mm.  diameter 
wire  usually  providing  sufficient  flexibility. 

Once  the  brackets  have  been  alined  heavier 
archwires  are  inserted — 0-40-mm.  followed  by 
0-45-mm.  wire.  These  arches  may  contain  third 
power  bends  if  there  are  any  rotations  to  be 
corrected.  The  final  0-45-mm.  arch  should  possess 
bayonet  bends  to  maintain  individual  tooth- 
over  correct  ions  if  necessary,  and  space-closing 
loops  in  the  premolar  region.  The  space-closing 
loops,  when  activated,  produce  an  intra-maxillary 
force  which  will  be  described  later.  All  archwires 
are  formed  to  the  ideal  arch  form,  as  described  by 
Tweed  (1966),  with  molar  and  premolar  offsets 


and  a  slight  ‘  toe-in  ’  in  the  molar  region  if 
required  (Fig.  11).  This  reduces  the  tendency  for 
the  lower  molars  to  rotate  mesiolingually  as  they 
are  brought  forward.  The  lower  archwires  also 
possess  a  reverse  curve  of  Spee  to  maintain  and 
further  aid  overbite  reduction.  When  viewed  from 
one  side  the  wire  is  crescent-shaped  so  that  when 


Fig.  10. — Third  power  bends  viewed  from 
above.  The  ‘  gate  ’  between  the  two  vertical  loops 
has  to  be  moved  from  its  ideal  position  and  tied 
into  the  bracket  of  the  displaced  incisor.  The 
resultant  force  tends  to  pull  this  tooth  into  the  line 
of  the  arch. 


Fig.  12. — Lower  archwire  showing  the  reverse 
curve  of  Spee  in  its  passive  position  when  inserted 
into  the  buccal  tubes  only. 


inserted  into  the  buccal  tubes  the  arch  would  tend 
to  lie  in  the  lower  labial  sulcus  (Fig.  12).  The 
reverse  curve  is  accentuated  by  the  tip-back  bend 
placed  distal  to  the  lower  second  premolar 
brackets;  this  aids  anchorage  by  preventing 
rapid  forward  movement  of  the  lower  first  molars 
during  the  forthcoming  stage. 

The  archwires  are  ligatured  tightly  into  position 
with  0-25-mm.  soft,  stainless-steel  wire  or  with 
Alastik  Rings.  These  are  small  rings  made  from 
an  elastic  plastic  material  and  inserted  by  grasp¬ 
ing  them  with  a  fine  pair  of  artery  forceps  and 
hooking  them  ovei  the  wings  of  the  bracket.  The 
aim  of  this  phase  is  to  have  the  lower  0-45-mm. 
archwire  in  situ  before  the  upper  removable 
appliance  is  left  off,  otherwise  the  overbite  may  re¬ 
establish  itself.  The  upper  first  permanent  molars 
are  now  banded  and  an  impression  is  taken  with 
the  bands  in  position.  The  bands  are  then  trans¬ 
ferred  to  the  impression  which  is  cast  in  stone. 
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On  this  model  is  constructed  a  1-mm.  palatal 
arch  which  is  soldered  to  the  bands.  The  palatal 
arch  extends  as  far  forward  as  the  canines  and 
crosses  the  palate,  leaving  plenty  of  space  palatal 
to  the  incisors  to  allow  for  their  unimpeded 


Fig.  13. — Palatal  arch  attached  to  6|6  bands 
with  soldered  0-7-mm.  soft  mesial  stops  to  hold 
3J3 ;  2 1 1 1 2  have  been  banded  and  a  free-sliding 
twin  wire  arch  inserted  to  commence  alinement 
of  the  incisors. 


Fig.  14. — Side  view  of  the  upper  palatal  arch 
soldered  to  616  bands  with  stops  mesial  to  313. 
Note  the  buccal  tubes,  T15mm.  occlusally  and 
0-9  mm.  gingivally,  and  the  lower  0-45-mm. 
archwire  with  space-closing  loops.  The  upper 
incisors  are  unbanded  and  free  to  aline. 

retraction  (Fig.  13).  Spurs,  0-7-mm.,  are  soldered 
to  the  palatal  arch  to  maintain  the  upper  canine 
position,  and  double  tubes  are  soldered  on  the 
buccal  aspect  of  the  first  permanent  molar  bands 
— a  1-15-mm.  tube  occlusally  and  a  0-9-mm.  tube 
gingivally. 

The  upper  canines  and  premolars  remain 
unbanded  in  this  technique,  allowing  for  spon¬ 
taneous  canine  uprighting.  In  addition,  any 
procedure  which  involves  the  banding  of  the 
canines  and  premolars  requires  that  overjet  re¬ 
duction  can  only  take  place  utilizing  an  archwire 
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tied  into  the  brackets  and  with  space-closing 
loops.  If,  when  these  are  activated,  extra-oral 
anchorage  is  not  worn  for  some  reason  the  effect 
on  the  upper  arch  will  be  to  bring  forward  the 
upper  buccal  segments,  thus  losing  anchorage. 
With  the  method  to  be  described,  utilizing  the 
palatal  arch,  overjet  reduction  takes  place  with  a 
free  sliding  archwire  and  elastic  traction.  Thus, 
as  a  fail-safe  mechanism,  where  one  is  relying  on 
extra-oral  anchorage,  it  should  be  stressed  that  if 
for  any  reason  the  headgear  cannot  be  worn  then, 
in  addition,  the  elastics  must  be  left  off. 

Once  the  lower  arch  treatment  is  well  under 
way  the  palatal  arch  is  cemented  in  place  (Fig.  14). 
Extra-oral  anchorage  is  continued  at  night  either 
by  attaching  the  full  headgear  to  a  stopped 
1-15-mm.  labial  arch  inserted  into  the  first  molar 
occlusal  buccal  tubes,  or  with  a  cervical  face  bow, 
as  described  previously.  If  the  palatal  arch  and 
headgear  are  inserted  one  visit  before  the  upper 
incisors  are  banded,  incisor  alinement  and  some 
spontaneous  reduction  in  overjet  will  often  occur. 

The  upper  incisors  are  now  banded,  usually 
carrying  wide  Siamese  brackets  on  the  upper 
central  incisors  and  medium-size  brackets  on  the 
upper  lateral  incisors  (depending  on  individual 
tooth  width).  The  brackets  are  now  alined  and 
any  rotations  are  corrected  with  some  form  of 


Fig.  15. — Anterior  view  of  the  twin  wire  arch 
inserted  to  aline  the  upper  incisors.  The  arch  is 
tied  in  with  an  Alastik  chain  which  also  closes 
anterior  spacing. 

alining  archwire.  Ideal  for  this  is  the  twin  wire 
arch  as  described  by  Johnson  (1934)  and  Mills 
(1959)  (Figs.  13,  15).  Alternatively,  a  multi- 
stranded  archwire  in  end  tubes  similar  to  a  twin 
wire  arch  may  be  used  to  the  same  effect.  The 
archwire  is  ligated  into  the  brackets  as  before, 
either  with  stainless-steel  ligatures  or  with 
Alastiks.  It  is  important  at  this  point  to  close 
all  anterior  spacing  as  this  enables  the  final 
torquing  archwire  to  be  easily  inserted  at  the 
next  stage.  Anterior  space  closure  may  be  carried 
out  with  compressed  coils  produced  by  0-15-mm. 
wire  wound  on  to  a  0-7-mm.  core,  though  alterna¬ 
tively  a  much  easier  method  is  afforded  by  the  use 


of  Alastik  chains.  A  link  of  four  modules  is 
needed.  The  first  module  is  slipped  over  the 
wings  of  an  upper  lateral  incisor  bracket.  The 
link  is  then  stretched  and  the  adjacent  teeth  are 


Fig.  16. — Diagram  of  the  upper  Begg  spurred 
archwire  viewed  from  the  side. 


Fig.  17. — Upper  ‘  torquing  ’  archwire  in  posi¬ 
tion  with  Begg  spurs  lying  between  the  two  parts 
of  the  Siamese  brackets. 


attached  in  a  similar  way  until  all  the  four  incisors 
are  joined  together.  This  will  obviously  cause  a 
pressure  to  be  applied  to  the  teeth  and  the  effect 
is  to  aline  the  incisors  and  to  bring  them  together. 

STAGE  C 

By  now  the  upper  and  lower  incisors  are 
alined  with  over-correction  and  over-rotation  if 
required.  Some  overjet  reduction  may  have 
occurred  already  but  during  this  stage  the  overjet 
will  be  reduced  fully. 

A  0-45-mm.  gauge  archwire  is  now  inserted 
into  the  upper  brackets  with  Begg  torquing  spurs 
on  the  incisors,  traction  hooks  distal  to  the  upper 
lateral  incisor  brackets,  and  30°  tip-back  bends  in 
the  premolar  region  {Fig.  16).  This  has  been 
described  previously  by  Begg  (1965)  and  Parker 
(1963),  but  since  then  it  has  been  somewhat 
modified.  The  Begg  spurs  are  bent  at  approxi¬ 
mately  25°  to  the  vertical  and  lie  between  the  two 
parts  of  the  Siamese  brackets,  ending  just  short  of 
the  gingival  margin  {Fig.  17).  The  greater  the 
angle  of  the  spur  so  the  degree  of  torque  produced 
is  increased.  Correspondingly,  the  force  required 
to  move  the  incisors  is  raised,  producing  a  greater 
strain  on  the  anchorage.  These  spurs  provide  the 
mechanism  for  reducing  the  tilting  of  the  maxil¬ 
lary  incisors  that  would  normally  occur  whilst  an 
overjet  is  being  reduced  with  a  plain  archwire. 


Palatal  movement  of  the  apices  of  the  incisors 
may  sometimes  be  achieved  if  the  spurs  are 
strongly  activated.  Mills  (1970),  from  tracings 
of  a  number  of  such  completed  cases,  states  that 
usually  the  crowns  have  been  taken  palatally 
while  the  apices  have  not  been  permitted  to  move 
labially,  that  is,  the  teeth  have  been  moved 
around  their  apices.  Spurs  are  usually  only 
necessary  on  the  upper  central  incisors  but  may  be 
added  to  the  upper  lateral  incisors  if  apical 
control  is  thought  to  be  necessary  for  these  teeth 
also. 


Fig.  18. — Class  II  traction  carried  out  with  an 
elastic  band  from  the  anterior  maxillary  traction 
hook  to  the  rear-facing  projection  of  the  man¬ 
dibular  buccal  tube. 


Either  traction  hooks  or  coils  are  bent  verti¬ 
cally  into  the  archwire,  the  coils  having  the 
opening  of  the  helix  facing  outwards  so  as  to  allow 
for  the  insertion  of  the  elastic  traction.  Tip-back 
bends  are  introduced  in  the  premolar  region  at  an 
angle  of  approximately  30°  to  the  horizontal 
{Fig.  16).  The  effect  of  this  is  mainly  to  increase 
the  activity  of  the  Begg  spurs  and  partly  to 
produce  an  intrusive  force  on  the  upper  incisors. 
This  may  be  particularly  of  value  where  there  is  a 
deep  overbite  problem.  It  is  important  to  remem¬ 
ber  that  if  for  any  reason  a  palatal  arch  is  not 
being  used  the  effect  of  the  torquing  arch  when 
tied  into  the  incisor  brackets  will  be  to  flare  out 
the  molar  teeth  buccally.  Under  these  circum¬ 
stances  the  arch  must  previously  be  contracted 
across  the  molar  region  to  counteract  this. 

The  archwire  is  ligated  only  to  the  upper 
incisors,  with  these  teeth  further  tied  together  to 
prevent  the  upper  lateral  incisors  drifting  distally. 
A  four  sectional  Alastik  chain  would  perform 
both  these  functions.  The  overjet  is  reduced  by 
applying  Class  II  traction  of  approximately  75  g. 
tension  with  latex  elastic  bands,  measuring  the 
force  with  a  small  tension  gauge.  The  elastic 
bands  are  slipped  over  the  rear-facing  projections 
of  the  buccal  tubes  on  the  lower  first  permanent 
molars,  and  then  through  the  upper  arch  traction 
hooks  {Fig.  18).  This  force  alone  would  tend  to 
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move  the  lower  arch  forward,  bringing  the  lower 
molars  mesially  and  proclining  the  lower  incisors. 
To  prevent  this  proclination  the  lower  arch  is 
activated  before  being  finally  tied  in,  intra¬ 
maxillary  traction  being  introduced  by  pulling 
the  ends  of  the  archwire  distally,  opening  the 
space-closing  loops,  and  turning  the  archwire 
downwards  sharply  at  the  end  of  the  lower  first 
molar  buccal  tubes  (Fig.  19).  The  aim  is  thus  to 


Fig.  19. — A  space-closing  loop  opened  and  thus 
activated  by  pulling  the  end  of  the  archwire  dis¬ 
tally  and  turning  it  down  sharply  behind  the 
buccal  tube. 


maintain  the  labiolingual  position  of  the  lower 
incisors  and  to  bring  the  lower  molars  and  second 
premolars  mesially  en  bloc  towards  a  Class  I 
relation  with  the  position  of  the  upper  molars 
and  second  premolars.  In  performing  these 
actions  the  lower  archwire  provides  the  anchor¬ 
age  for  the  Class  II  traction,  whilst  restricting 
the  degree  of  tilting  that  occurs  with  the  mesial 
movement  of  the  lower  posterior  teeth,  and 
counteracts  the  tendency  for  the  lower  incisors  to 
be  proclined. 

Extra-oral  anchorage  is  continued  and  where 
the  lower  arch  space  is  limited,  the  Class  II 
traction  is  replaced  at  night  by  maxillary  arch 
intramaxillary  traction  elastics,  producing 
approximately  100  g.  pressure  once  the  headgear 
is  in  place.  Sometimes  during  treatment  insuffi¬ 
cient  lower  space  becomes  available  for  anchor¬ 
age  and  thus  Class  II  traction  ceases  to  be  used  to 
reduce  the  overjet.  In  these  cases  the  further 
overjet  reduction  will  depend  on  upper  arch  intra¬ 
maxillary  traction  and  extra-oral  anchorage 
alone.  Class  II  retaining  elastics,  producing 
approximately  50  g.  pressure,  may  be  used  during 
the  day  to  aid  maintenance  of  the  reduced  overbite 
and  to  hold  the  overjet  reduction  achieved. 

Reduction  of  the  overjet  takes  place  at  the  rate 
of  approximately  1-2  mm.  per  month,  depending 
on  the  degree  of  root  torque  introduced  and 
providing  the  elastics  are  worn  fulltime  as 
instructed.  The  most  common  cause  for  failure  of 
overjet  reduction  is  lack  of  patient  co-operation 
on  the  wearing  of  elastics.  If  the  palatal  arch 
starts  to  become  embedded  in  the  palate  anteriorly 
it  is  usually  a  sign  that  the  headgear  is  not  being 
worn.  The  overjet  should  be  fully  reduced 
in  7-9  months  depending  on  the  severity  of  the 
case. 
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STAGE  D 

By  this  time  the  overjet  will  have  been  fully 
reduced  and  the  molar  relationship  should  be 
almost  Class  I.  Time  may  be  spent  at  this  stage  in 
continuing  to  improve  the  maxillary  incisor  root 
positions  by  fuither  activating  the  spurred 
archwire. 

The  palatal  arch  is  now  cut  out  with  wire 
cutters,  so  withdrawing  the  mesial  canine  stops 
and  leaving  the  first  molar  bands  in  place.  In  the 
majority  of  cases  with  some  mesial  relapse  the 
canines  seem  in  the  long  term  to  achieve  a  rela¬ 
tively  upright  position  without  further  attention. 
However,  if  the  maxillary  canines  are  grossly 
rotated  or  still  excessively  tilted  distally,  then 
bands  may  be  placed  on  these  teeth  and  loops 
incorporated  in  the  archwire  to  induce  rotation 
and  alinement.  Occasionally  occlusal  locking 
with  some  part  of  a  mandibular  canine  seems  to 
prevent  spontaneous  maxillary  canine  correction. 
This  would  be  a  further  reason  for  banding  the 
upper  canines  at  this  stage  and  bringing  them 
forward  into  contact  with  the  maxillary  lateral 
incisors.  Although  an  ideal  occlusion  would 
require  the  canines  to  be  in  a  Class  I  relation¬ 
ship,  in  these  skeletal  Class  II  cases  the  final 
incisor  relationship  often  shows  some  increase 
in  overbite,  and  thus  the  eventual  canine  re¬ 
lationship  needs  to  be  more  towards  one-half  unit 
Class  II. 

In  the  lower  arch  an  ‘  ideal  *  plain  0-45-mm. 
archwire,  or  even  a  rectangular  wire  with  the 
usual  molar  and  premolar  offsets  and  slight 
reverse  curve  of  Spee,  may  be  inserted  at  this 
stage  for  final  alinement  and  uprighting  of  the 
premolars  and  canines.  If  there  is  any  excessive 
residual  premolar  space,  especially  in  the  upper 
arch,  then  the  extra-oral  anchorage  is  withdrawn 
and  a  combination  of  intramaxillary  traction 
and/or  Class  II  traction  is  continued,  with  the 
maxillary  archwire  anterior  spurs  still  in  place. 
However,  it  should  be  noted  that  one  is  rarely 
left  with  much  residual  space  following  overjet 
reduction  in  these  severe  skeletal  discrepancy 
cases,  and,  especially  in  view  of  the  frequency  of 
late  lower  incisor  crowding,  it  never  does  harm 
to  leave  a  slight  amount  of  lower  arch  spacing. 
Indeed,  when  the  lower  bands  are  removed  some 
lower  premolar  spacing  may  re-open  owing  to 
uprighting  of  the  second  premolars  and  canines. 
Such  spacing  will  rapidly  close  during  the  succeed¬ 
ing  months. 

Throughout  the  technique  so  far  described, 
the  patient  is  seen  at  approximately  monthly 
intervals  for  the  required  adjustments  and  arch¬ 
wire  preparations. 


Retention 

Once  the  occlusion  is  satisfactory,  arrange¬ 
ments  are  made  to  remove  the  bands  and  prepare 
for  retention. 


In  the  lower  arch,  retention  is  rarely  required 
except  where  the  lower  incisors  were  very 
rotated  originally.  In  these  cases  the  bands  are 
removed  initially  from  the  molars  and  second 
premolars  only,  and  the  archwire  is  cut  and 
adjusted  to  form  a  short  intercanine  retaining 
wire,  holding  the  over-compensated  incisor 
positions  for  up  to  a  further  6  months.  In  the 
upper  arch  the  bands  are  removed  and  an  upper 
removable  retainer  is  fitted,  ideally  the  same  day 
and  certainly  within  3  days.  This  removable 
appliance  may  be  a  (Hawley  type)  retainer  with  an 
0-7-mm.,  ideal,  curved,  labial  bow  controlling  the 
incisors,  or,  if  there  were  incisor  rotations  present 
initially,  the  labial  bow  is  made  of  0-54  X  0-71-mm. 
rectangular  wire  fitted  to  contact  the  incisors 
accurately  on  their  labial  surface.  At  this  stage 
minor  adjustments  to  the  occlusion  may  be 
carried  out.  Thus,  by  soldering  an  auxiliary 
0-7-mm.  spring  to  the  bridge  of  the  first  molar 
clasps,  buccally  placed  canines  or  second  molars 
may  be  moved  palatally. 

Retention  is  usually  carried  on  for  6-12  months, 
depending  on  lip  morphology  and  the  original 
rotations.  Full-time  retention  is  continued  for 
approximately  4  months,  during  which  the  appli¬ 
ance  is  worn  24  hours  a  day,  and  this  is  then 
followed  by  night-time  wear  until  retention  is 
ceased.  During  this  time  the  patient’s  appliance 
need  only  be  checked  at  periods  of  approxi¬ 
mately  2  months. 

Theoretically,  if  the  upper  incisors  have  been 
placed  in  a  stable  position  in  relation  to  the  lower 
lip,  retention  should  be  unnecessary.  In  practice, 
however,  it  does  take  some  months  for  the  teeth 
to  become  clinically  firm  and  the  teeth  should  be 
retained  at  least  until  this  is  achieved.  In  addition, 
having  successfully  carried  out  the  required  tooth 
movements,  we  are  unwilling  to  release  a  case 
rapidly  and  thus  tend  to  continue  retention  for 
the  longer  period.  During  this  stage  with  the 
bands  removed  and  the  surgery  visits  relatively 
infrequent,  co-operation  is  usually  fully  main¬ 
tained.  When  retention  is  ceased  there  is  usually 
some  slight  movement  of  the  teeth  towards  their 
original  position.  Thus,  after  the  retention 
period  a  case  should  be  carefully  and  meticu¬ 
lously  observed  in  comparison  with  study  models 
taken  at  the  time  the  retainer  was  withdrawn. 

We  believe  that  with  practice  such  treatment 
should  take  between  15  and  18  months  of  active 
appliance  therapy,  followed  by  approximately  9 
months  of  retention.  The  lower  fixed  appliance 
is  in  place  for  about  a  year,  and  the  bands  on  the 
maxillary  incisors  for  between  9  months  and 
a  year. 

CASE  REPORTS 

Case  1 

S.C.,  a  male  aged  1  \\  years  at  the  start  of  treatment. 

This  patient  had  a  moderate  Class  II  skeletal  pattern. 
The  lips  were  incompetent,  with  the  lower  lip  acting 


behind  the  upper  incisors.  Both  the  upper  and  lower 
incisors  were  slightly  proclined  with  an  increased 
overjet  of  10  mm.  and  an  increased  but  just  incom¬ 
plete  overbite.  Very  little  crowding  was  present. 
The  molar  relationship  was  one-half  unit  Class  II  on 
the  right  and  a  full  unit  Class  II  on  the  left. 

The  four  first  premolars  were  extracted,  and  an 
upper  removable  appliance  supported  by  extra-oral 
anchorage  was  worn  for  8  months  to  retract  the  upper 
canines  and  to  reduce  the  overbite.  The  lower  arch 
was  banded  for  20  months  and  the  upper  arch  for 
13  months,  during  which  time  the  overjet  was  reduced 
with  a  Begg  spurred  arch  and  a  combination  of  Class 
II  and  intramaxillary  traction.  Extra-oral  anchorage 
was  discontinued  after  6  months  of  upper  arch  fixed 
appliance  therapy.  The  palatal  arch  was  removed  and 
the  upper  canines  and  premolars  were  banded  to  aline 
the  canines  finally  and  to  close  some  residual  spacing. 
The  tracing  at  the  end  of  treatment  showed  the  lower 
incisors  to  have  been  retroclined  slightly  during  treat¬ 
ment,  but  these  came  forward  as  expected  once  the 
bands  were  removed. 

The  final  models  showed  the  results  6  months  after 
the  end  of  retention.  Active  treatment  took  22  months 
followed  by  months’  retention. 

Case  2  (Fig.  20) 

J.S.,  a  female  aged  Ilf  years  at  the  start  of  treat¬ 
ment. 

This  patient  had  a  fairly  severe  Class  II  skeletal 
pattern  with  a  high  maxillary-mandibular-plane  angle. 
The  lips  were  incompetent  with  a  short  upper  lip. 
The  upper  incisors  were  slightly  proclined  with  an 
overjet  of  14  mm.,  and  the  overbite  was  increased 
and  complete,  with  the  lower  incisors  biting  into  the 
vault  of  the  palate.  The  molar  relationship  was  a  full 
unit  Class  II  and  there  was  considerable  lower  arch 
crowding. 

It  was  felt  that  the  loss  of  the  first  premolars  only  in 
the  upper  arch  would  not  provide  sufficient  space  to 
reduce  the  overjet.  Therefore,  following  the  extrac¬ 
tion  of  the  four  first  premolars  extra-oral  traction  to 
bands  on  the  upper  first  permanent  molars  was 
required  for  a  period  of  4  months  before  a  Class  I 
molar  relationship  was  approached.  The  final  molar 
relationship  is  achieved  in  this  case  as  much  by  for¬ 
ward  movement  of  the  lower  first  permanent  molars 
as  by  distal  movement  of  the  upper  molars. 

The  initial  removable  appliance  was  then  inserted 
(using  a  recurved  clasp  around  the  buccal  tubes  on  the 
upper  first  permanent  molars),  continuing  the  use  of 
extra-oral  anchorage,  and  followed  by  the  build-up  of 
the  lower  fixed  appliance.  The  upper  arch  was  banded 
for  1 1  months  for  alinement  of  the  incisors  and  reduc¬ 
tion  of  the  overjet  with  apical  control,  the  extra-oral 
anchorage  being  discarded  after  7  months  of  this 
time.  An  upper  removable  retainer  was  worn  fulltime 
for  3  months  and  nocturnally  for  4  months. 

Because  of  the  original  position  of  the  lower  in¬ 
cisors  some  proclination  of  the  lower  incisors  was 
thought  to  be  permissible  and  this  has  in  fact  re¬ 
mained  stable  (approximately  7°  increase  in  the  angle 
of  the  lower  incisors  to  the  mandibular  plane). 
Because  of  the  severity  of  the  case  a  slightly  increased 
overbite  has  resulted  and,  therefore,  the  canines  and 
molars  do  not  need  to  be  Class  I  in  this  case. 

The  final  models  (Fig.  20  I,  J,  K)  show  the  results 
5  months  after  the  end  of  retention.  Full-time 
active  treatment  took  18  months  and  retention 
7  months. 
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Case  3 

V.G.,  a  male  aged  18  years  at  the  start  of  treatment. 

This  patient  had  a  Class  II,  division  1  malocclusion 
on  a  reasonably  normal  skeletal  pattern  but  with 
incompetent  lips.  The  upper  incisors  were  very 
proclined  at  126°  with  an  overjet  of  11  mm.  The 


The  lower  fixed  appliance  was  in  position  2  months 
before  the  insertion  of  the  upper,  which  was  reinforced 
with  extra-oral  anchorage.  The  lower  bands  were  with¬ 
drawn  after  7  months  and  the  upper  fixed  appliance 
after  8  months,  the  overjet  having  been  fully  reduced 
with  apical  control.  This  was  followed  by  the  use  of  a 
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overbite  was  increased  and  complete  with  the  lower 
incisors  biting  onto  the  palate.  Crowding  was  pre¬ 
sent,  especially  in  the  lower  arch,  with  the  lower  left 
canine  badly  displaced  and  short  of  space.  The  molar 
relationship  was  Class  I  on  the  right  and  one-half 
unit  Class  II  on  the  left,  with  the  left  molars  and 
second  premolars  in  crossbite  but  with  no  mandibular 
displacement. 

There  was  not  such  a  severe  skeletal  discrepancy  in 
this  case  as  in  some  of  the  previous  cases,  but  it 
demonstrated  treatment  in  the  older  patient. 

The  first  premolars  were  extracted  and  an  upper 
removable  appliance  only  was  worn  for  6  months. 
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full-time  removable  retainer  for  3  months  and 
nocturnal  retention  for  2  months. 

The  final  models  were  to  the  end  of  retention  only, 
although  there  had  been  no  further  change  in  the 
incisor  relationship.  Active  treatment  took  1 6  months, 
followed  by  5  months’  retention. 

The  upper  canines  were  somewhat  over-retracted 
and  there  was  residual  spacing  mesial  to  the  upper  left 
canine.  This  tooth  had  been  slow  to  upright  and  come 
forward. 

The  patient  was  keen  to  cease  appliance  wear, 
though  ideally  the  canines  should  have  been  uprighted 
and  the  space  closed. 


Case  4  (Fig.  21) 

S.C.,  a  female  aged  10£  years  at  the  start  of  treat¬ 
ment. 

This  patient  had  a  severe  Class  II  skeletal  pattern 
with  a  firmly  retracting  lower  lip  and  a  history  of 
thumb-sucking.  The  upper  incisors  were  proclined 


were  inserted  for  further  overjet  reduction  with  apical 
control,  using  both  Class  II  traction  and  extra-oral 
anchorage.  As  the  lower  incisors  were  severely  retro- 
clined  originally,  owing  to  the  thumb-sucking  habit, 
it  was  thought  that  some  proclination  of  the  lower 
incisors  could  be  tolerated.  The  final  result  shows  a 
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to  120°  and  the  lowers  retroclined  at  78°.  The  overjet 
was  increased  to  18  mm.  and  the  overbite  slightly 
increased  and  incomplete.  The  molar  relationship 
was  a  full  unit  Class  II. 

The  extraction  of  the  first  premolars  was  followed 
by  the  insertion  of  fixed  space  maintainers,  awaiting 
the  eruption  of  the  canines.  The  patient  did  not  show 
the  best  co-operation,  but  upper  removable  appli¬ 
ances  to  retract  the  upper  canines  and  then  the  upper 
incisors  were  used  for  1 1  months,  supported  by  extra¬ 
oral  anchorage.  Lower  and  upper  fixed  appliances 


lower  incisor  angle  of  94°  to  the  mandibular  plane — an 
increase  of  16°.  After  6  months  of  fixed  appliances 
the  oral  hygiene  was  dangerously  poor.  Although  the 
lower  left  first  premolar  space  should  have  been  further 
reduced,  since  the  tooth  relationship  was  acceptable 
fixed  appliances  were  withdrawn  and  replaced  by  a 
full-time  removable  retainer  for  3  months,  then  worn 
nocturnally  for  8  months. 

The  final  models  (Fig.  21  I,  J,  K)  show  the  results 
6  months  after  the  end  of  retention.  Active  treatment 
took  17  months,  followed  by  11  months’  retention. 
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SUMMARY 

A  comprehensive  technique  has  been  described 
for  the  treatment  of  malocclusion  with  a 
relatively  severe  Class  II,  division  1  incisor 
relationship,  this  procedure  having  evolved 
during  the  last  20  years  of  postgraduate  teaching 
at  the  Eastman  Dental  Hospital,  London. 

The  diagnosis  involved  in  such  cases  has  not 
been  discussed,  it  being  assumed  that  the  extrac¬ 
tion  of  all  four  first  premolars  at  least  was  thought 
necessary. 

The  use  of  a  simple  upper  removable  appliance 
supported  by  extra-oral  anchorage  to  retract  the 
maxillary  canines  and  to  reduce  the  overbite  has 
been  described.  Lower  and  upper  fixed  appli¬ 
ances  were  gradually  assembled  and  inserted, 
with  archwires,  round  in  cross-section,  running 
through  Siamese  Edgewise  brackets.  Space¬ 
closing  loops  were  used  to  provide  lower  arch 
intramaxillary  traction,  and  elastics  were  required 
to  produce  Class  II  traction,  the  anchorage 
being  reinforced  at  night  when  necessary. 

Case  histories  have  been  presented,  high¬ 
lighting  the  use  of  the  upper  fixed  appliance  to 
limit  the  tipping  of  the  maxillary  incisors  during 
overjet  reduction,  whilst  the  lower  appliance 
was  used  to  promote  and  maintain  incisor  over¬ 
bite  reduction  and  to  provide  some  anchorage 
to  the  upper  arch. 

Acknowledgements 

We  would  like  to  express  our  thanks  to  Profes¬ 
sor  C.  F.  Ballard,  Mr.  S.  G.  McCallin,  Dr.  J.  R.  E. 
Mills,  and  Mr.  M.  S.  E.  Gould  for  permission  to 
publish  the  cases,  and  to  all  our  colleagues  at  the 
Eastman  Dental  Hospital  Orthodontic  Depart¬ 
ment  for  their  kind  co-operation.  We  are  indeb¬ 
ted  to  Dr.  Mills  for  his  constant  encouragement 
of  our  clinical  work  and  in  the  preparation  of  this 


paper,  Miss  C.  C.  Jefferson,  Mr.  J.  Levason,  and 
Mr.  M.  S.  Berman  for  their  continued  instruction, 
and  Professor  W.  J.  Tulley  for  the  use  of  aids  in 
producing  this  paper. 

Our  grateful  thanks  are  due  to  Mr.  P.  Chitten¬ 
den  of  Guy’s  Hospital  and  Mr.  Titshall  of  the 
Eastman  Dental  Hospital  for  their  invaluable 
technical  help;  to  Miss  Archer  and  her  staff  of 
the  Guy’s  Hospital  Medical  Illustration  Depart¬ 
ment  in  the  preparation  of  drawings  and  for  the 
work  on  the  earlier  B.S.S.O.  table  demonstration 
on  which  this  paper  is  founded;  to  Miss  Hodgkins 
and  Mr.  Morgan  of  the  Guy’s  Hospital  and 
Eastman  Dental  Hospital  Photographic  Depart¬ 
ments,  and  to  Mrs.  G.  Howell  for  the  kind 
secretarial  assistance. 


REFERENCES 

Adams,  C.  P.  (1957),  Design  and  Construction  of 
Removable  Orthodontic  Appliances,  2nd  ed.,  p.  1237. 
Bristol:  Wright. 

Ballard,  C.  F.  (1967),  Dent.  Practnr  dent.  Rec.,  18, 
63. 

Begg,  P.  R.  (1956),  Am.  J.  Orthod.  Dent.  Child.,  42, 
481. 

- (1965),  Orthodontic  Theory  and  Technique,  p.  89. 

London:  Saunders. 

Briggs,  C.  P.  (1960),  Trans.  Br.  Soc.  Study  Orthod., 
65. 

- (1966),  Ibid.,  13. 

Eirew,  H.  L.  (1969),  Orthodontist,  1, 14. 

Hill,  C.  V.  (1954),  Dent.  Practnr  dent.  Rec.,  5,  53. 
Johnson,  J.  E.  (1934),  Int.  J.  Orthod.,  20,  946. 

Mills,  J.  R.  E.  (1959),  Dent.  Practnr  dent.  Rec.,  10,  3. 

- (1970),  personal  communication. 

Parker,  C.  D.  (1963),  Trans.  Br.  Soc.  Study  Orthod., 
87 

- -  (1965),  Ibid.,  92. 

Plint,  D.  A.  (1961),  Dent.  Practnr  dent.  Rec.,  12,  179. 
Tweed,  C.  H.  (1966),  Clinical  Orthodontics,  vol.  1, 
p.  115.  St.  Louis:  Mosby. 


44 


AN  ANALYSIS  OF  BROKEN 
REMOVABLE  APPLIANCES 


DOUGLAS  MUNNS,  V.R.D.,  L.D.S. 

Orthodontic  Department ,  Worcester  Royal  Infirmary ,  Worcester 


It  is  always  annoying  when  a  patient  or  parent 
reports  that  an  orthodontic  appliance  has  been 
broken,  for  not  only  will  treatment  time  be 
prolonged  but  some  relapse  may  result,  especially 
if  the  appliance  has  to  be  sent  away  for  repair. 
Consequently  it  was  decided  several  years  ago  to 
initiate  an  investigation  to  ascertain  whether  steps 
could  be  taken  to  minimize  such  breakages. 
Whilst  undoubtedly  the  mishandling  of  an  appli¬ 
ance  by  a  patient  is  a  predisposing  cause  of 
breakage  in  many  cases,  there  is  little  doubt  that 
other  factors  must  be  considered. 

Broadway  (1964)  and  others  have  drawn  our 
attention  to  deficiencies  in  appliance  design. 
Harcourt  and  Munns  (1967)  reported  that  a 
metallurgical  examination  of  broken  orthodontic 
appliances  revealed  that  damage  to  wires  by 
faulty  or  worn  pliers  and  by  the  opposing  teeth 
can  nearly  always  be  seen  on  macroscopic 
examination  of  broken  wire  surfaces.  Stresses 
are  undoubtedly  set  up  in  wires  by  repeated 
adjustments  and  insertion  and  removal  from  the 
mouth.  Also,  investigations  would  suggest  that 
faults  do  occur  during  the  production  of  ortho¬ 
dontic  wires  and  the  use  of  faulty  wire  may  result 
in  eventual  failure. 

Originally  it  was  intended  to  record  only  those 
cases  with  broken  appliances,  but  after  a  pilot 
study  it  became  obvious  that  control  cases  would 
have  to  be  included  as  well.  Two  series  of  cases 
are  therefore  involved  in  this  investigation.  The 
first  group  of  cases  comprises  500  broken  appli¬ 
ances,  representing  every  broken  orthodontic 
appliance  reported  to  6  clinics  in  hospitals  in 
the  counties  of  Herefordshire  and  Worcestershire 
and  1  clinic  in  South  Birmingham — 7  in  all. 
It  took  about  3  years  to  collect  these  cases  and 
they  include  those  with  fractures  of  the  acrylic, 
fractures  of  wires  (archwires,  cribs,  and  springs), 
breaking  down  of  soldered  or  welded  joints,  and 
lost  appliances.  The  control  series  consists  of 
1000  consecutive  orthodontic  appliances  fitted 
for  patients  in  2  of  these  hospitals  over  a  very 
similar  period,  limited  by  the  time  it  took  to 
complete  the  thousandth  case.  ‘  Control  series  ’ 
is  perhaps  not  an  entirely  accurate  term  but  is 


used  throughout  this  report  as  no  better  descrip¬ 
tion  for  this  second  series  can  be  found. 

Lost  Appliances 

Appliances  are  sometimes  lost  in  circumstances 
where  the  patient  is  not  really  to  blame,  for 
example,  mal  de  mer,  but  more  often  than  not  it 
is  due  to  complete  carelessness,  such  as  wearing 
the  plate  in  the  pocket  instead  of  the  mouth,  or 


Fig.  1 . — The  age  distribution  of  abandoned  cases 
in  the  control  series. 


leaving  it  on  the  tablecloth  and  either  ‘  Granny 
tipped  it  away  with  the  crumbs  ’,  or  ‘  the  dog  ate 
it  ’ ! !  However,  some  of  the  blame  for  not 
wearing  appliances  can,  in  certain  cases,  be 
attributed  to  its  design,  a  factor  which  has  been 
stressed  by  Broadway  (1964)  and  others.  In  the 
broken  appliance  series  10-6  per  cent  of  appli¬ 
ances  were  lost,  not  broken,  and  these  cases  are 
not  included  in  the  analysis  of  our  findings.  This 
leaves  447  cases  with  broken  appliances. 

Abandoned  Cases 

In  the  control  series  2-5  per  cent  of  the  patients 
moved  from  the  district  whilst  wearing  the  appli¬ 
ance  under  review,  and  11  per  cent  had  to  be 
abandoned  through  lack  of  co-operation,  failure 
to  attend,  and  similar  reasons.  The  combined 
total  percentages  of  such  cases  is  shown  in  Fig.  1 
in  which  the  age  range  is  divided  into  6-monthly 
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steps  from  9  years  to  16  years.  Fortunately,  the 
risk  of  lack  of  co-operation  is  less  for  the  ages 
where  the  greatest  number  of  patients  are  under 
treatment,  namely,  between  10  and  13  years. 
Forty  per  cent  of  the  abandoned  cases  had  a 
history  of  repeated  broken  appliances,  whereas  the 
actual  incidence  of  broken  appliances  throughout 


and  removal  of  the  appliance  from  the  mouth 
an  attempt  was  also  made  to  ascertain  the 
number  of  times  that  a  spring  was  adjusted  by  the 
operator  before  fracture  occurred.  It  will  be  seen 
from  the  right-hand  circle  of  Fig.  2  that  about  half 
the  fractures  occurred  after  only  very  few  adjust¬ 
ments  and  that  nearly  all  the  wires  had  fractured 


Under  2  mth. 


Bill  2-3  mth. 


3-6  mth. 
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6  mth. 

Key  to 

left-hand 

diagram 


Fig.  2. — The  breakage  rate  (left)  and  the  adjustment  rate  before  breakage  (right)  for  finger-springs 

in  the  broken  appliance  series. 


the  control  series  was  15  per  cent.  Setting  aside 
these  abandoned  cases  leaves  846  control  cases  on 
which  the  remaining  findings  are  based. 

FINDINGS 

Two  important  facts  emerge  from  a  general 
survey  of  the  findings : — 

1.  There  is  the  ‘persistent  appliance  breaker’ 
who  somehow  succeeds  in  wrecking  any  appli¬ 
ance  that  is  inserted  in  the  mouth.  In  the  broken 
appliance  group  it  was  found  that  42T  per  cent 
had  a  history  of  more  than  1  previous  breakage 
and  of  these  18*7  per  cent  had  a  history  of  3 
broken  appliances,  4-5  per  cent  4  broken  appli¬ 
ances,  and  2-3  per  cent  5  or  more  broken  appli¬ 
ances.  It  is  therefore  important  that  these 
patients  be  diagnosed  early  and  only  very  limited 
appliance  therapy  provided  for  them. 

2.  The  shorter  the  period  an  appliance  is  worn 
the  less  likely  it  is  to  be  broken — an  obvious  fact 
but  is  it  always  considered  when  deciding  on  the 
fitting  of  a  new  appliance?  One-third  of  the 
breakages  occurred  within  3  months  of  the  appli¬ 
ance  being  fitted  and  three-fifths  within  6  months. 

Finger-springs 

The  most  common  tooth  mover  on  removable 
appliances  must  be  the  simple  finger-spring  and 
40  per  cent  of  the  control  series  cases  had  such 
springs  fitted  and  30  per  cent  of  breakages  were 
of  this  type  of  spring.  In  the  broken  appliance 
series  73  per  cent  of  the  finger-springs  were 
broken  within  6  months  of  the  appliance  being 
fitted,  and  from  the  left-hand  circle  of  Fig.  2  it  will 
be  seen  that  over  half  of  these  were  broken  within 
the  first  3  months.  As  stresses  are  undoubtedly  set 
up  in  wires  by  repeated  adjustments  and  insertion 
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Table  I. — Analysis  of  the  Various 
Types  of  Breakages 
(Broken  Appliance  Series) 

Percentage  of 
Type  of  Breakage  Total  Breakages 


Finger-springs 

30 

Cribs 

36 

Labial  archwires 

13 

Acrylic  fractures 

12 

Other  breakages 

9 

by  the  time  the  sixth  adjustment  was  made.  If 
appliances  are  removed  from  the  mouth  for 
cleaning  after  every  meal  and  immediately 
reinserted  (2  movements  of  the  spring  each  time) 
this  would  amount  to  about  100  flexions  of  the 
spring  each  week,  at  which  rate,  according  to  the 
laboratory  findings  of  Bass  and  Stephens  (1970), 
the  average  spring  should  not  fracture  until  the 
appliance  has  been  worn  for  a  year.  It  must,  of 
course,  be  borne  in  mind  that  the  experimental 
springs  of  Bass  and  Stephens  (1970)  were  straight 
springs  nearly  all  made  with  a  spring-forming 
machine,  whereas  all  springs  in  this  report  were, 
of  necessity,  subjected  to  additional  strains  and 
stresses  during  construction  in  order  to  conform 
to  the  contour  of  the  palate  and  alveolar  ridge 
and  to  fit  snugly  around  the  tooth  of  the  patient. 

Cribs  and  Archwires 

Table  I  records  for  the  broken  appliance  series 
an  analysis  of  the  various  common  types  of 
breakages,  from  which  it  can  be  seen  that  Adam’s 
cribs  account  for  36  per  cent  of  the  total.  Fig.  3 
shows  the  breakage  rate  and  adjustment  rate 
before  breakage  for  Adams  cribs,  of  which 
60  per  cent  were  broken  within  6  months  of  the 
appliance  being  fitted.  Similar  results  were 
found  with  simple  archwires  (67  per  cent  were 


broken  in  the  first  6  months)  and  acrylic  fractures 
(72  per  cent)  although  many  of  these  acrylic 
fractures  were  due  to  definite  carelessness  of  the 
patient,  such  as  dropping  the  appliance  and 
treading  on  it,  and  rarely  occurred  whilst  the 
appliance  was  being  worn  in  the  mouth.  It  is  of 
interest  to  note  that  there  appears  to  be  a  far 
greater  risk  of  breakage  of  cribs  on  the  right-hand 


retract  canines  or  premolars,  and  these  are  con¬ 
structed  either  with  the  springs  boxed  over  with 
acrylic  or  with  no  covering  over  the  spring  but 
with  a  guard-wire  guiding  both  the  action  of  the 
spring  and  the  movement  of  the  tooth.  In  our 
series,  although  many  more  of  the  former  than 
the  latter  type  of  appliance  were  recorded,  it 
would  appear  that  there  may  be  a  greater  risk 
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10  per  cent 


Fig: 3. — The  breakage  rate  (left)  and  the  adjustment  rate  before  breakage  (right)  for  cribs  in  the 

broken  appliance  series. 


Table  II. — Analysis  of  Various  Types  of  Breakages 
in  Cases  with  a  History  of  a  Previous  Breakage 
(Broken  Appliance  Series) 

Percentage  of 
Type  of  Breakage  Total  Breakages 


Finger-springs 

Left  28-9 

Right  46-9 

Cribs 

Left  32-4 

Right  43-4 

Labial  archwires  55-3 

Acrylic  fractures  48-7 


side  than  on  the  left  (57  per  cent:  43  per  cent), 
and  the  mode  of  insertion  and  removal  of 
appliances  from  the  mouth  may  be  a  significant 
factor. 

The  problem  of  the  persistent  appliance 
wrecker  is  again  emphasized  when  one  considers 
breakages  to  individual  parts  of  an  appliance. 
Table  II  shows  the  percentages  for  various  types 
of  breakages  in  cases  with  a  history  of  a  similar 
previous  breakage.  The  average  for  the  four 
types  of  breakages  was  42-6  per  cent  and  it  will 
be  seen  that  the  labial  archwire  is  the  most 
vulnerable  part.  The  susceptibility  of  right-hand 
springs  and  cribs  to  fracture  as  compared  with 
those  on  the  left  side  is  confirmed. 

Complete  Appliances 

Finally,  breakages  in  individual  types  of  appli¬ 
ances  present  some  interesting  problems  (Table 
III).  The  most  common  type  of  removable 
appliance  is  that  using  simple  finger-springs  to 


Table  III. — Percentage  of  Appliances  recorded  in 

each  Series 


Control 

Broken 

Type  of  Appliance 

series 

Appliances 

(per  cent) 

(per  cent) 

Springs 

Box  type 

35-2 

43-4 

Open  type 

5-2 

3-4 

Screws 

With  molar  blocks 

9-1 

31 

Without  molar  blocks 

8-1 

2-2 

Tied  expansion 

2-7 

3-4 

Archwire 

0-7-mm.  Simple  bow 

9-3 

101 

0-9-mm.  Bow  with  auxiliary 

archwire 

10-4 

9-4 

Other  appliances 

20-4 

250 

of  spring  fracture  in  the  box  type  of  appliance 

than  in  the  open-guard  type. 

The  open-guard  type  of  appliance  is,  of  course, 
preferable  to  the  closed-box  type  for  the  health 
of  the  gingivae,  but  its  use  is  not  always  practi¬ 
cable.  There  seems  little  doubt  that  one  reason 
for  the  fracture  of  the  springs  in  the  boxed-in 
type  of  appliance  is  initial  mutilation  of  the 
spring  by  the  patient  when  attempting  to  cleanse 
the  box  of  food  particles,  often  using  various 
gadgets  other  than  the  toothbrush  in  the  process. 

To  prevent  space  closure  closed-box,  and 
open-guard  appliances  are  often  fitted  just  before 
teeth  are  extracted  or  immediately  afterwards 
(with  the  impression  being  taken  prior  to  the 
operation),  and  of  these  two  types  of  appliances 
which  subsequently  were  broken,  18  per  cent 

47 


had  teeth  extracted  after  the  fitting  of  the  appli¬ 
ance  and  17  per  cent  had  teeth  extracted  immedi¬ 
ately  before  the  fitting  so  that  the  timing  of  the 
extraction  has  little  effect  on  the  liability  to 
breakage.  It  is  worth  observing,  however,  that 
fractures  of  cribs  are  doubled  where  extractions 
are  undertaken  after  an  appliance  has  been  fitted. 

Three  types  of  appliances  incorporating  a 
screw  are  in  regular  use,  the  screws  used  being 
those  described  by  Haynes  and  Jackson  (1962): — 

1.  The  covered  molar  appliance  designed  to 
move  one  or  more  incisors  forward  over  the  bite, 
a  Hawley  Russell  Schwartz  pattern  999  screw 
normally  being  used. 

2.  A  Schwartz  appliance  without  molar  blocks 
incorporating  a  screw  to  move  one  or  more  teeth 
in  the  buccal  segment  distally  (Shaw  and  Edmond¬ 
son,  1962),  with  or  without  extra-oral  anchorage. 
A  Glenross  small  screw  is  used. 

3.  A  non-parallel  ‘  expansion  ’  appliance  (Shaw 
and  Edmondson,  1 962)  tied  at  the  posterior  border 
to  increase  the  intercanine  width,  an  Ash  Badcock 
upper  screw  being  used. 

The  incidence  of  breakage  in  the  first  two  of  these 
appliances  is  less  than  in  any  of  the  other  types 
of  appliances  recorded,  and  statistics  show  that 
the  screw  itself  is  not  the  weak  part  of  the  appli¬ 
ance;  broken  cribs  feature  in  some  40  per  cent 
of  these  breakages.  The  length  of  time  that  the 
appliance  is  worn  obviously  contributes  to  the 
risk  of  fracture,  for  whereas  treatment  for  66  per 
cent  of  type  1  and  43  per  cent  of  type  2  wearers 
was  completed  in  less  than  6  months,  treatment 
for  only  23  per  cent  of  type  3  wearers  was 
completed  within  the  same  period. 

Two  other  very  similar  types  of  appliances  are 
regularly  used.  One  has  two  cribs  on  the  posterior 
teeth  and  a  simple  labial  archwire,  such  as  would 
be  used  as  a  space  maintainer  or  a  retention 
appliance,  and  the  other  is  of  a  similar  design 
but  with  thicker  archwire  (0-9  mm.  instead  of 
0-7  mm.)  and  a  sprung  auxiliary  sliding  archwire 
for  retracting  incisors  (the  twin-bow  appliance) 
Dickson  (1964).  In  the  broken  appliance  series 
there  was,  as  would  be  expected,  far  less  risk  of 
the  thicker  archwire  fracturing,  although  there 
was  a  fairly  high  breakage  rate  of  the  more  deli¬ 
cate  secondary  archwire.  However,  the  final 
analysis  reveals  that  the  incidence  of  breakages  in 
the  second  appliance  was  less  than  that  for  the 
first,  although  admittedly  there  was  only  a  small 
margin  between  them.  The  duration  of  time 
worn  was  approximately  the  same  for  both 
appliances:  11  1  and  12-7  months  respectively. 

Other  types  of  appliances  could  be  compared 
in  a  similar  manner  if  the  investigation  had  been 
continued  to  include  sufficient  numbers  for  such 
comparisons.  However,  as  there  were  less  than 
2  per  cent  of  appliances  in  each  of  the  other 
categories  the  publication  of  figures  would  be 
misleading.  The  vulnerable  types  of  appliances 
would  seem  to  be  those  types  where  the  spring  is 
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boxed  in,  e.g.,  Z  or  flapper  springs  of  various 
types,  and  those  where  a  soldered  or  welded 
joint  is  used,  e.g.,  where  an  archwire  is  soldered 
or  welded  to  a  first  molar  crib.  Appliances  that 
are  only  worn  at  night,  such  as  the  Activator, 
have  the  best  prognosis. 

CONCLUSION 

A  far  greater  number  of  breakages  would  have 
to  be  investigated  to  provide  a  complete  analysis 
for  all  types  of  appliances  in  general  use,  but 
even  so  we  shall  always  have  with  us  the  persistent 
appliance  wrecker  and  early  diagnosis  of  such 
cases  and  removal  from  appliance  treatment  lists 
would  seem  to  be  essential.  The  operator  can, 
however,  reduce  the  risk  of  appliance  breakage 
to  a  minimum  by  precise  timing  of  appliance 
therapy  and  careful  selection  of  appliance 
design,  by  reducing  adjustments  of  cribs  and 
springs  to  a  minimum,  and  by  giving  careful 
instruction  to  the  patient  in  the  art  of  inserting 
and  removing  the  appliance  from  the  mouth 
and  regular  cleansing.  The  technician  construct¬ 
ing  the  appliance  can  assist  by  reducing  wire 
manipulation  to  a  minimum,  by  renewing  worn 
pliers,  and  by  taking  great  care  to  avoid  damage 
to  wires  during  finishing  and  polishing.  The 
efforts  of  both  operator  and  technician  will  be  in 
vain  if  the  patient  does  not  take  proper  care  of 
the  appliance  and  does  not  abide  by  the  instruc¬ 
tions  given  by  the  operator  and  those  printed  on 
the  instruction  sheet. 

SUMMARY 

An  investigation  into  the  causes  and  effects  of 
broken  appliances  has  been  described  and  statisti¬ 
cal  results  have  been  enumerated. 
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INTRODUCTION  AND  REVIEW  OF  THE 
LITERATURE 

Orthodontic  treatment  has  been  held  respon¬ 
sible  for  many  resorbed  teeth.  Quotations  such  as 
‘  half  the  patients  with  resorbed  teeth  had  under¬ 
gone  orthodontic  treatment  ’  (Kramer,  1969)  have 
made  orthodontists  themselves  very  apprehensive 
with  regard  to  the  possible  effects  of  their  minis¬ 
trations.  Many  possible  aetiological  factors  have 
been  cited.  In  an  excellent  study  Phillips  (1955) 
found  no  correlation  between  the  degree  of 
resorption  and  such  factors  as  sex,  age  at  the 
start  of  orthodontic  treatment,  length  or  method 
of  orthodontic  treatment,  or  the  amount  of 
orthodontic  treatment  involved.  He  suggested  a 
metabolic  factor  in  the  extreme  cases  although 
documentation  was  insufficient  and  stated :  ‘  this 
metabolic  factor  (dietary  or  endocrine)  may  also 
account  for  individual  variations  There  is, 
however,  no  scientific  proof  of  this  (Winter,  1969). 
Phillips  (1955)  also  suggested  that  injured  teeth 
are  more  liable  to  resorption  and  felt  that  possibly, 
in  some  cases,  deflexion  of  Hertwig’s  sheath 
produces  a  loss  of  potential  root  length.  This 
would,  he  felt,  account  for  those  teeth  whose 
apices  had  a  resorbed  appearance  yet  no  actual 
loss  of  root  length  from  measurement  of  pre-  and 
post-orthodontic  treatment  radiographs.  This  is 
unlikely,  however,  as  trauma  rarely,  if  ever, 
involves  all  the  upper  incisors,  or  even  the  central 
incisors,  equally  (Winter,  1969). 

The  first  recorded  reference  to  resorption  is  by 
Bates  (1856).  There  were  then  varying  reports  in 
the  literature  and  much  concern  following 
Ketcham’s  articles  (1927  and  1929),  which  were 
contemporaneous  with  the  widespread  use  of 
dental  radiography.  Heilman  (1930)  found  that 
the  type  of  appliance  is  not  important  but  that  the 
manner  of  use  is  important.  Rudolph  (1936),  in  a 
series  of  439  orthodontically  treated  patients  (209 
males  and  230  females),  found  304  cases  of 
resorption  (69  per  cent).  The  resorption  cases 
comprised  65  per  cent  of  males  and  73  per  cent  of 


*  Present  appointment:  Consultant  Orthodontist, 
Orthodontic  Unit,  Booth  Hall  (Children’s)  Hospital, 
Charlestown  Road,  Blackley,  Manchester  9. 


females.  In  a  control  series  with  an  age  range  of 
7  to  79  years  there  were  739  cases  aged  from  7  to 
21  years  (i.e.,  orthodontic  age-group).  Of  these, 
38  (5*14  per  cent)  had  resorption.  No  resorption 
was  noted  in  any  patient  below  1 3  years.  Rudolph 
found  that  resorption  occurred  with  decreasing 
frequency  in  upper  lateral  incisors,  upper  central 
incisors,  lower  central  incisors,  lower  lateral 
incisors,  upper  canines,  lower  first  molars,  lower 
canines,  upper  first  molars,  upper  premolars  and 
lower  premolars. 

Oppenheim  (1944)  stated  that  a  certain  degree 
of  damage  to  bone,  cementum,  periodontal 
tissues,  and  pulp  is  unavoidable  during  ortho¬ 
dontic  treatment.  In  order  to  reduce  this  unavoid¬ 
able  damage,  orthodontic  forces  should  be  gentle, 
elastic,  intermittent,  and  well  directioned. 
Oppenheim  believed  that  cementum  resorption  is 
always  present,  though  not  necessarily  at  the 
apex,  in  orthodontic  procedures.  Over  90  per  cent 
of  teeth  examined  by  Henry  and  Weinmann 
(1951)  showed  histological  root  resorption. 
Those  with  the  greatest  amount  of  resorption 
before  treatment  had  the  greatest  amount  after 
treatment.  Massler  and  Perreault  (1954)  found 
a  tendency  to  resorption  in  almost  all  the  perman¬ 
ent  teeth  examined.  This  varied  in  different 
individuals  and  in  different  teeth  in  the  same 
individual  and  was  greater  in  females.  Massler 
and  Malone  (1954)  examined  radiographs  of  708 
people  of  12  to  49  years  who  had  never  had  ortho¬ 
dontic  treatment.  Each  individual  had  one  or 
more  teeth  with  some  degree  of  resorption;  in 
decreasing  order  of  frequency  resorption  occurred 
in  lower  incisors,  upper  lateral  incisors,  premolars, 
upper  central  incisors,  and  canines.  Of  the  ortho¬ 
dontically  treated  teeth,  93  per  cent  showed  some 
resorption;  moderate  (2-4  mm.)  in  31  per  cent, 
severe  (4  mm.  to  half-root  length)  in  10-8  per 
cent,  and  very  severe  (greater  than  half-root 
length)  in  3-4  per  cent. 

The  general  view  today  follows  that  of  Hemley 
(1941)  who  stated  that  with  careful  control  of 
appliances  and  periodic  radiographs  the  amount 
of  root  loss  following  orthodontic  treatment  does 
not  reduce  the  life  span  of  the  teeth  concerned 
(confirmed  by  Strahan,  1969). 


Presented  at  the  Scottish  Meeting  held  on  23  October,  1970. 
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PRESENT  INVESTIGATION 

This  investigation  was  stimulated  by  a  case  in 
which  radiographs  showed  resorption  of  the 
upper  central  incisor  roots  following  orthodontic 
treatment  {Fig.  1).  This  patient  had  a  poor  perio¬ 
dontal  condition  and  in  view  of  this  the  original 


Almost  certainly  the  upper  incisors  were  not 
under  lower  lip  control  at  the  end  of  orthodontic 
treatment.  From  measurements  of  the  patient’s 
lateral  skull  radiographs  it  was  found  that  4  mm. 
of  resorption  had  occurred  during  active  treat¬ 
ment  and  a  further  1  mm.  during  retention  with  a 
removable  appliance.  This  case  was  not  treated 


Fig.  1. — Radiographs  of  a  patient  with  resorption  of  the  upper  incisor  roots.  A,  Before  treatment.  B,  Nine 

months  after  cessation  of  retention. 


hypothesis  suggested  a  poor  response  to  trauma 
of  any  kind.  In  fact  there  were  a  number  of  other 
possible  aetiological  factors : — 

1.  An  incomplete  overbite. 

2.  Gross  lip  incompetence  with  an  increased 
lower  facial  height. 

3.  There  was  a  slight  relapse  of  overjet  follow¬ 
ing  cessation  of  retention.  This  would  suggest  an 
anterior  oral  seal  habitually  produced  by  the 
contact  of  the  tongue  against  the  lower  lip 
{Figs.  2,  3). 
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by  following  the  criteria  of  Ballard  (1967)  and  it 
is  possible  that  the  upper  labial  segment  would 
have  remained  stable  had  the  lower  incisors  been 
depressed  to  the  occlusal  line  and  retracted  a 
shade  prior  to  overjet  reduction. 

There  was  no  question  of  poor  patient  co¬ 
operation  in  this  case  since  the  overjet  was 
reduced  using  a  fixed  appliance  and  the  intra¬ 
maxillary  traction  was  activated  by  the  operator. 
Thus,  there  was  no  possibility  of  the  force 
applied  being  intermittent. 


Fig.  2. — Profile  and  full-face  photographs  of  the  patient  shown  in  Fig.  1.  A,  Before  treatment  (note  the 

poor  periodontal  condition).  B,  After  treatment. 


Fig.  3. — Right  views  of  models  of  the  patient  shown  in  Figs.  1  and  2.  A,  Before  treatment.  B,  After 

treatment. 
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MATERIAL 

Four  groups  of  patient  records  were  studied: — 

1.  Group  A,  Resorption  Cases 

On  punch  cards  filled  out  for  completed  cases 
40  cases  were  found  for  whom  the  entry  ‘  resorp¬ 
tion’  had  been  marked  either  as  a  result  of  a 
comment  by  the  consultant  dismissing  the  patient 
or  the  senior  registrar  completing  the  punch  card. 


2.  Group  B,  Orthodontic  Controls 

Twenty-five  alphabetically  consecutive,  com¬ 
pleted  orthodontic  cases  with  full  records  were 
investigated  to  establish  a  set  of  average  values  for 
patients  undergoing  orthodontic  treatment. 

3.  Group  C,  Non-orthodontic  Controls 

Lateral  skull  radiographs  of  20  individuals 
who  had  had  no  orthodontic  treatment  were 


B 


Fig.  4. — Radiographs  of  a  patient  with  a  resorbed  appearance  of  the  upper  incisors  prior  to  orthodontic 
treatment.  From  measurements  of  pre-  and  post-treatment  lateral  skull  radiographs,  it  was  found  that  no 
resorption  had  occurred.  A,  Before  treatment.  B,  After  treatment. 


The  length  of  the  upper  incisors  from  the  lateral 
skull  radiographs  is  not  automatically  measured 
and  therefore  small  amounts  of  resorption  may 
not  have  been  noted.  In  addition,  intra-oral 
radiographs  of  anterior  or  posterior  teeth  are  not 
routinely  taken  at  the  beginning  or  end  of  treat¬ 
ment. 

Of  these  40  cases,  6  were  discarded  as  no 
resorption  had  in  fact  occurred  when  checked  by 
measurement  of  pre-  and  post-treatment  lateral 
skull  radiographs.  One  example  of  these  dis¬ 
carded  cases  is  shown  in  Fig.  4. 

Subgroup  A 

This  subgroup  comprised  11  cases  from 
group  A  with  above  average  resorption  (3  mm.  or 
more). 
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investigated.  Lateral  skull  radiographs  had  been 
taken  at  14  and  19  years  in  each  patient.  It  was 
thus  possible  to  measure  any  spontaneous  changes 
occurring  in  non-treatment  cases. 

4.  Group  D,  Class  II,  Division  2  Cases 

A  Class  II,  division  2  series  of  cases  was  investi¬ 
gated  because  a  suggested  aetiological  factor  in 
resorption  of  upper  incisor  apices  is  the  closeness 
of  the  upper  incisor  apices  to  the  upper  labial 
plate.  Since  the  upper  central  incisors  apices 
tend  to  be  close  to  the  labial  plate  in  all  Class  II, 
division  2  malocclusions,  25  consecutive,  com¬ 
pleted,  Class  II,  division  2  cases  were  investigated 
only  to  ascertain  whether  the  average  root  length 
of  the  upper  incisors  prior  to  treatment  differed 
from  that  in  the  other  groups  (Fig.  5). 


METHOD 

The  length  of  the  upper  incisors  was  measured 
to  the  nearest  \  mm.  on  lateral  skull  radiographs, 
using  a  sliding  gauge  (J.  Rabone  and  Sons, 
No.  1466). 


Fig.  5. — Lateral  skull  radiograph  of  a  patient 
with  a  Class  II,  division  2  malocclusion.  Note  the 
closeness  of  the  upper  incisor  apices  to  the  upper 
labial  plate. 

RESULTS 

The  results  are  shown  in  Tables  I-IV. 

Sex  Incidence 

A  greater  preponderance  of  females  was  found 
in  group  A  (resorption  cases)  than  in  group  B 
(orthodontic  controls).  This  is  contrary  to  the 
findings  of  Phillips  (1955)  but  agrees  with 
Rudolph  (1936).  This  preponderance  of  females 
is  not  statistically  significant  ( see  Table  /). 

Age 

The  average  age  at  institution  of  treatment  was 
substantially  greater  in  the  resorption  cases 
(13-50  years)  than  in  the  orthodontic  controls 
(11-61  years).  The  average  age  at  institution  of 
treatment  in  group  A  females  was  13-4  years 
and  in  group  A  males  13-67  years.  Since  the 
adolescent  spurt  in  growth  occurs,  on  average  at 
12-13  years  in  females  and  at  14-15  years  in 
males  (Tanner,  1962)  it  would  seem  that  these 
pubertal  changes  play  no  part  in  the  aetiology  of 


the  resorption  of  upper  incisors  in  females. 
However,  treatment  usually  was  completed  by 
15-48  years.  Treatment  to  21  [12  was  therefore 
contemporaneous  with  the  male  pubertal  growth 
spurt. 

The  peak  of  group  A  cases  occurs  at  13  years 
and  group  B  at  12  years  (Fig.  6).  The  difference 
between  average  age  at  institution  of  treatment 
in  group  A  compared  with  group  B  was  statisti¬ 
cally  significant  at  the  5  per  cent  level  ( Table  I). 

Length  of  Treatment 

The  overall  average  length  of  treatment  was 
greater  in  group  A  and  subgroup  A  than  in 


GROUP  A 
GROUP  B 


AGE  AT  START  OF  TREATMENT. 

(to  nearest  year.) 

Fig.  6. — A  frequency  distribution  graph  com¬ 
paring  groups  A  and  B.  Note  that  the  peak  of 
group  B  is  at  12  years,  and  that  of  group  A  is  at 
13  years. 

group  B.  Also,  the  overall  average  length  of 
treatment  to  21|12  was  greater  in  group  A  than 
group  B.  However,  in  subgroup  A,  with  more 
severe  resorption,  the  overall  average  length  of 
treatment  to  21)12  was  less  than  in  groups  A  and 
B.  This  would  suggest  that  if  the  length  of 
treatment  to  21 1 12  is  a  factor  in  the  aetiology  of 
root  resorption  it  is  only  so  in  the  less  severe 
resorptions.  The  difference  in  treatment  duration 
between  the  groups  was  not  statistically  signifi¬ 
cant  ( Table  I). 

Incisor  Classification 

There  were  substantially  more  Class  II,  division 
1  incisor  relationships  in  group  A  (74  per  cent) 
than  in  group  B  (60  per  cent).  Indeed,  in  subgroup 
A  there  were  91  per  cent  Class  II,  division  1 
incisor  relationships.  In  group  C  (non-ortho- 
dontic  controls)  there  were  only  15  per  cent  Class 
II,  division  1  incisor  relationships.  The  increased 
incidence  of  Class  II,  division  1  malocclusions  is 
not  statistically  significant  in  group  A  as 
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compared  to  group  B,  but  it  is  just  significant  at 
the  5  per  cent  level  comparing  subgroup  A  to 
group  B  ( Table  II). 

Skeletal  Pattern 

Little  difference  occurred  between  the  distri¬ 
butions  of  Class  I,  II,  or  III  skeletal  patterns  in 
group  A,  subgroup  A,  or  group  B.  In  group  C 
there  was  only  approximately  half  the  incidence 
of  Class  II  skeletal  patterns  as  compared  with  the 
other  groups.  Group  C  are  not,  of  course, 
malocclusions!  Group  A  skeletal  patterns  are 


Angulation  of  l]l  to  the  Maxillary  Plane 

The  average  angulation  of  l|l  to  the  maxillary 
plane  before  orthodontic  treatment  was  begun  in 
group  A  (116-41°)  and  subgroup  A  (118-45°)  was 
greater  than  in  group  B  (112-58°).  Since  the 
average  angulations  after  treatment  were  very 
similar  in  all  these  groups  the  average  angular 
reduction  as  a  result  of  treatment  was  corres¬ 
pondingly  greater  in  group  A  and  subgroup  A. 
Little  spontaneous  change  occurred  in  group  C 
between  14  years  (average  109-88°)  and  19  years 
(average  110°)  ( Table  II). 


Table  I. — Age,  Sex,  and  Length  of  Treatment  of  Three  Groups  of  Patients  studied  for  Resorption 


Feature 

Group  A 
(Resorption 
Cases) 

Subgroup  A 
(Above-average 
Resorption) 

Group  B 
(Orthodontic 
Controls) 

Group  C 

(Non-orthodontic 

Controls) 

No.  in  group 

34 

11 

25 

20 

Sex  incidence 

Male 

13  (38-24  per  cent) 

4  (36-36  per  cent) 

1 2  (48  per  cent) 

8  (40  per  cent) 

Female 

21  (61-76  per  cent) 

7  (63-64  per  cent) 

1 3  (52  per  cent) 

12  (60  per  cent) 

Age  (in  years)  at  start  of 
treatment 

Average 

13-50* 

13-22 

11-61* 

No  treatment 

S.D. 

Range 

3-94 

9  to  20-67 

9-25  to  18-17 

1-59 

8-67  to  15-58 

Age  (in  years)  at  end  of 
treatment 

Average 

15-48 

15-20 

13-49 

S.D. 

Range 

3-34 

115  to  24-33 

12-17  to  17-25 

1-69 

9-17  to  17-5 

Length  of  treatment  in 
months 

Overall 

Average 

23-65 

23-82 

20-96 

No  treatment 

S.D. 

Range 

11-95 

49  to  9 

32  to  9 

9-4 

48  to  6 

To  21112 

Average 

11-85 

9-36 

10-64 

S.D. 

Range 

9-67 

43  to  4 

27  to  5 

2-026 

25  to  0 

Excluding  no  treatment 
to  21112 

Average 

13-43 

10-3 

11-56 

S.D. 

9-19 

*  Statistically  significant 


not  statistically  significantly  different  from  group 
B  {Table  II). 

Maxillary-mandibular-plane  Angle 

There  was  little  difference  between  the  average 
maxillary-mandibular-plane  angles  in  group  A, 
subgroup  A,  or  group  B.  The  average  maxillary- 
mandibular-plane  angle  in  group  C  at  age  14 
years  was  lower  (26-65°)  than  in  the  other  groups 
and  it  had  decreased  by  an  average  of  just  more 
than  1°  by  19  years  (25-43°)  {Table  II). 
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Soft  Tissues 

Lips 

There  was  little  difference  in  the  percentage 
incidence  of  cases  diagnosed  as  having  incompe¬ 
tent  lips  between  group  A  (85  per  cent)  and  group 
B  (88  per  cent).  However,  in  subgroup  A  all  11 
cases  were  diagnosed  as  having  incompetent  lips 
(100  per  cent). 

Tongue  to  Lower  Lip  Anterior  Oral  Seal 
There  was  a  much  greater  incidence  of  cases 
diagnosed  as  having  tongue  to  lower  lip 


anterior  oral  seals  in  subgroup  A  (63-64  per  cent) 
compared  with  group  A  (47-1  per  cent)  and  group 
B  (44  per  cent).  One  case  in  subgroup  A  possibly 
had  an  endogenous  tongue  thrust  (Ballard,  1962). 
There  is  no  statistical  significance  in  these  findings 
{Table  III). 

In  group  C  (non-orthodontic  controls)  6  out  of 
20  cases  (30  per  cent)  were  diagnosed  as  having 
competent  lips  and  14  out  of  20  (70  per  cent)  as 


some  relapse  after  the  end  of  retention.  There 
were  no  total  relapses  of  overjet  in  group  B  but 
of  those  in  group  A  who  had  overjet  reduction  as 
part  of  their  orthodontic  treatment,  3  out  of 
22  (13-64  per  cent)  relapsed  completely  (this  does 
not  include  1  patient  who  failed  a  recall  appoint¬ 
ment  and  whose  overjet  was  relapsing  shortly 
after  cessation  of  treatment).  The  difference 
between  the  overjet  dimensions  at  the  start  of 


Table  II. — Incisor  Classification,  Skeletal  Pattern,  Maxillary-mandibular-plane  Angle,  and 
Angulation  of  fit  to  the  Maxillary  Plane  in  Three  Groups  of  Patients  studied  for  Resorption 


Feature 

Group  A 
(Resorption 
Cases) 

Subgroup  A 
(Above-average 
Resorption) 

Group  B 
(Orthodontic 
Controls) 

Group  C 

(Non-orthodontic 

Controls) 

Incisor  classification 

I 

6  (17-65  per  cent) 

1  (9-1  per  cent) 

5  (20  per  cent) 

1 3  (65  per  cent) 

II,  Division  1 

25  (73-53  per  cent) 

10  (90-9  per  cent)* 

1 5  (60  per  cent)* 

3  (15  per  cent) 

11,  Division  2 

2  (5-88  per  cent) 

4  (16  per  cent) 

1  (5  per  cent) 

III 

1  (2-94  per  cent) 

1  (4  per  cent) 

I— III  2  (10  per  cent) 
III  1  (5  per  cent) 

Skeletal  pattern 

I 

5  (14-7  per  cent) 

2  (18-18  per  cent) 

5  (20  per  cent) 

8  (40  per  cent) 

II 

25  (73-53  per  cent) 

8  (72-73  per  cent) 

18  (72  per  cent) 

7  (35  per  cent) 

III 

4  (11-76  per  cent) 

1  (9-1  per  cent) 

2  (8  per  cent) 

5  (25  per  cent) 
I+mild  II  + 
mild  111=90  per  cent 

Maxillary-mandibular- 
plane  angle 

Average 

29-07° 

31-18° 

30-08° 

14  yr.  26-65° 

35-5  °to  21° 

Range 

40°  to  14° 

37°  to  24° 

46°  to  20° 

19  yr.  25-43° 

34°  to  20° 

Angulation  of  jjj  to 
maxillary  plane 

Before  treatment 

Average 

Standard  deviation 

116-41° 

9-12° 

118-45° 

112-58° 

8-54° 

14  yr.  109-88° 

Range 

134  to  97-5° 

126°  to  109° 

130  to  96° 

120°  to  100-5° 

After  treatment 

Average 

Standard  deviation 

100-49° 

8-38° 

100-36° 

101-72° 

7-24° 

19  yr.  110° 

Range 

120  to  83° 

110°  to  94° 

117  to  89-5° 

122°  to  100-5° 

*  Statistically  significant 


having  incompetent  lips.  Walther  (1960),  in  a 
much  larger  survey,  found  the  incidence  of 
competent  lips  to  be  18  per  cent  and  incompetent 
lips  82  per  cent. 

Overjet  and  Relapse 

There  was  a  greater  incidence  of  increased 
overjet  in  group  A  (87-5  per  cent)  and  subgroup  A 
(100  per  cent)  than  in  group  B  (76  per  cent). 
The  average  overjet  dimensions  were  greater 
before  treatment  in  group  A  than  in  group  B  as 
was  the  average  overjet  reduction,  the  average 
overjet  relapse  following  cessation  of  retention 
and  also  the  number  of  patients  who  suffered 


treatment  in  group  A  as  compared  with  group  B 
was  significant  at  the  5  per  cent  level  {Table  III). 

Overbite 

There  were  substantially  more  incomplete 
overbites  in  subgroup  A  (63-64  per  cent)  than  in 
group  A  (41-18  per  cent)  or  group  B  (48  per  cent). 
The  incidence  of  incomplete  overbites  in  group 
C  was  25  per  cent.  These  differences  are  not 
statistically  significant  {Table  III). 

Orthodontic  Extractions 

There  was  little  difference  between  groups  A 
and  B  except  that  in  group  A  there  were  4  out 

55 


Table  III. — Soft  Tissues,  Overjet  and  Relapse,  and  Overbite  in  Three  Groups  of  Patients  studied  for  Resorption 


X 

o 

i 
H 
oi 
O 


0, 

3 

O 

OS 

O 


o 

OS 
H 

z 
o 
zU 
o 

z 


c  a  o 

4)  4)  4) 

o  o  o 


kH  t-l 

4)  4) 

a  a 

o  o 
co  r~ 

W'N-f' 

VO  3 


kH 

4) 

a 

o 

CN 


c  c 

<u  <u 
o  o 


d 

<u 

o 


kl  bl  k-l 

4)  4>  4) 

ex  ex  a 


CN 


£ 

£ 

VO 

cb 


kH 


E 

E 


00 


«o  £ 
O 


4> 

d 

o 

Z 


OV 


4) 

c 

o 

Z 


c 

4) 

O 


d 

0) 

kH  k-  U 

4>  4)  X, 
a  a  4> 

©  to  ^ 

WWW 

3  <0  — I 


C/3 

3 

o 

oS 

H 

z 

«U 

PX 
p 
O 
OS 

a 


o 


H 

z 

o 

a 

o 

E 

H 

oS 

O 


d  d  d 

4>  4)  4> 

o  o  o 

k4  k  kH 

0  4)  4) 

ex  ex  ex 


d 

o 

-I— * 

o 

3 

T3 

4) 

C* 


d  d 

■  <u 

o 


8 


d 

4) 

4) 


kH  kH  kH 

4)  4)  4) 

ex  ex  ex 


VO  CN 

r~-  — i 

ov  co 


cn 


co 


* 

£ 

*j  i — 
^4J  w 

'E* 

£ 

E 

3  CN 

E 

o 

.  E 

E  E 

B-Z 

E 

E 

E 

£ 

4) 

> 

O 

3 

4-» 

CN  O  cb 

CN 

vb  cb 

Ov  H-> 

VO 

a 

CN  >0 

cb 

»o 

3 

O  ^ 

d  d<y 
4)  4)  d 
0  0  4) 

kH  kH  U 

4)  4)  kH 
CX  CX  4) 

CN  OV  ^  § 
00  CN  00  3 

°°z 


oo  >o 
lO  co  <0 


O  vo  - 


kH 

a 

4) 

O 

35 

£ 


4) 

c/3 

3 

o 

I  VO 

CN 


d  d 
4)  4)  d 

ou«Jd 

x  x  u  d 

4)  4)  Xh  n 

exau^ 

CN3 
00  VO  *-t 


d 

4) 

o 

kH 

4) 

CX 


d  d 
4)  4) 
O  O 

kH  kH 

4)  4> 

a  a 


O  00  CN 

WWW 

©  CN  co 


z 

o 

H 

PX 

OS 

<  s 

^  w 

PX  q4 

P^1 


O 

PS 

a 

PO 

p 

on 


UJ 

a 

< 

oS 

u 

> 

C 

■ 

UJ 

> 

O 

S3 

< 


d 

4) 

O 

kH 

4) 

a 

o 

o 


4) 

3 

OX) 

d 

o 

+H 

O  59 
d 

4)  | 

a  ° 
© 
3"  d 
VO  4) 


•  OX) 
d 


c/> 

3 

kH 

Jd 


d 

4> 

o 

kH 

4) 

a 

o 

o 


E 

E 

T-H 

00 


E 

E 

3 

o 


E 

E  £  E 

§tN  | 

o 

vo  -kH  CO 
ot^vri 


d 

o 

-4— » 

d 

4> 

4) 

kH 

H-* 

d 

4) 

d 

3 


d 

_o 

H-H 

o 

-rt  00 

T3  4> 

4>  c/3 

o'  3 
I-h  0 

4>  OV 

•P 

4) 


Eo 

E° 


d  d  d  d 
4>  4)  4)  4) 
O  O  O  O 

kH  kH  kH  kH 

4)  4)  4)  4> 

a  a  a  a 

rnridt-H 

ndiN- 

SH'h'Nh'W 

mnM  — i 


d 

CN 

Xh 

4> 

vo 

^  a 

a 

vo  3 

OX) 

O  C/3 
kH  4) 

3 

0  £ 

-a 

3  ^ 

13  ov 

4)  « 

X  oo 

4h 

4)  • 

w>0 

d  d  d  d 
4)  4)  4>  4) 
O  4)  O  O 

kH  kH  kH  kH 

4)  4>  4)  4) 

a  a  a  a 
©  o  ©  o 

3^cO  CN  —h 
3  co  cn  i 


3- 1-~ 


co 

UJ 

CO 

< 

u 

Z 

O 

H 

Px 

3 

O 

CO 

UJ 

oi 


PX 

p 

o 

3 

O 


d  d 
4)  4) 
O  O 

kH  kH 

4)  4) 

a  a 

—i  Ov 
r-  cn 

3  vo 

— H  OO 

vo  Ov 
CN 


co 

3 

kH 

-d 

■H 

4) 
3 
OX) 
_  d 
C*  O 
d  v 

4)  CO 

O  3 
«H  O 
4)  d 

a  S3, 

00 

T  o 

r^’2 

3  d 
w  d 

VO  C*- 

r-H  h 

00 

d 

T3 

_3 

O 

d 


4) 

"O 

o 

§  g  § 

c  o  o 

•Shk, 
.13  4)  4) 

^  ex  a 

W(~~.  <N 

SwS 

C/D 

3  00  <N 
O  <N 
(N 

CO 


3 

o 


d 

o 

H-* 

4) 

3 

T3 

4) 

Oh 


d 

4) 

4) 

kH 

4> 

a 

VO 

CN 

VO 

CN 


.*  £ 
EES 
E  E© 

Ov  OV  o 

VO  Ov  HH 

oo  co  3 


E 

£  E  §'55 

Ecn  E  c 


tl  CN 
.««N 

£h 

0> 


eo 

E° 


dOd 
4)  d  4) 
13  4)  4>  O 

<D  Xh  U  kH 
y  4)  kn  4) 

a  4>  a 

grj  a3 
aoo  vo  vo 
_  •  vo  • 

O  H— I  .  CO 

wwww 

_  — H  CO 


OV  oM  »> 
oo  +h  >o  a 

co  ©  3  w 
H-H  4> 
Xh 


00 

_d 

•3 

_3 

o 

X 

4) 


3 

OV 


3 


a 

3 

O  C/D 

S-H  <D 

OS 

o  ° 

£ 


d  d  *J 
4)  4)  d  d 
O  4)  <u  4) 
xxoy 

4)  4)  Ih  kH 

a  a  4)  4) 
a  a 

(NOO 

v/0  *o  CO  00 

wwww 

©  t~-  H— I  CO 
CN 


d  d 
4)  4) 
4)  O 


kH  kH  ^ 

4)  4)  kH 

a  a  4) 

3oo 

OV  «  00 

cn3h°? 
VO  3  VO 

00  3  CN 


UJ 

PP 

p 

H 

< 

UJ 

tp 


C/3 

4> 

3 

C/3 

t/3 


Xh  "3 
aj  3 
>  4) 

si- 

d  S 

(D  d-  c, 

^E  §.o 

c  o  tux 

.err  3  h  o  13 


+ 

E 

E 

’TD 

a> 

C/D 

.0)  S 


Ih 

o 

?E 

is 

CO  *0 
CN  O 

§8 

E  3 


C/3 

d 

o 

55 

d 

4) 

E 


)  a 
,  o 


d 

o 

•  fH 

H-* 

_3 

4) 

•o 
•3 


4) 


d 

4) 

E 

+j * 
3 
4) 

Xh 


4) 

OX) 


4) 


™  3  0r-  ™  0 

S'a  M'S  2  »3 
4)  £  d  4>  d  Ki 
»i|h3^”33>34) 


Pi 


0X) 

HH.S 
4)  Xh 
•k?3 
4>  © 

5§ 

fli  »-H 

o 
2  3 

«T3 

>  g 

<  ^ 


4> 

’x? 

4) 

> 

O 

O 

d 

<j  00  H 

d  d  g 

n> *h  y 

c  *0 

£3  o 
2  S-o 


4) 

C/3 

a 

13 


s  i 
1 6 

a, 

3  ^ 


co 


4>  +j  3  a 
1-1  ’S.+3  c 

OX)  Xh  3 
yp  --H  rrt  O 

Z  c/3  aU 


4> 


g 

3  o 
3  3  xh 
a  o 
•a  a  P'S 
•£Eo£ 

4)  O  ^  d 

>UxS< 


4> , 


56 


Statistically  significant. 


of  34  (11-76  per  cent)  multiple  extraction  cases 
(i.e.,  more  than  4  teeth  extracted  as  part  of 
orthodontic  treatment).  This  would  imply  an 
increased  difficulty  of  orthodontic  treatment. 

Appliance  Therapy 

Group  A  had  more  treatments  with  fixed 
appliances  only  (26-47  per  cent)  than  group  B 
(4  per  cent)  ( Table  IV).  However  in  subgroup  A 


the  increased  age  at  the  commencement  of 
treatment. 

The  increased  incidence  in  group  A  of  fixed 
appliances  and  those  appliances  in  which  a 
torquing  force  was  applied  to  the  upper  incisors 
as  compared  with  Group  B  was  just  statistically 
significant  ( Table  IV). 

The  average  amount  of  resorption  in  all  group 
A  cases  during  treatment  was  2-1 8  mm.  Since 


Table  IV. — Appliances,  Retention,  Length  of  Upper  Incisors  and  Resorption,  in  Four  Groups  of  Patients 

STUDIED  FOR  RESORPTION 


Feature 

Group  A 
(Resorption 
Cases) 

(Subgroup  A) 
(Above-average 
Resorption) 

Group  B 
(Orthodontic 
Controls) 

Group  C 
(Non-ortho- 

DONTIC 

Controls) 

Group  D 
(Class  II, 

DIVISION  2) 

Appliances 
Removable  only 
Fixed  only 
Removable  and 
fixed 

Apical  torque 
Functional 

6  (17-65  per  cent) 

9  (26-47  per  cent)* 

19  (55-88  per  cent) 

10  (29-43  per  cent)* 
None 

2  (18-18  per  cent) 

1  (9-09  per  cent) 

8  (73-73  per  cent) 

3  (27-28  per  cent) 

None 

2  (8  per  cent) 

1  (4  per  cent)* 

19  (76  per  cent) 
2(12  per  cent)* 

3  (12  per  cent) 

None 

Retention 

Average 

Excluding  no 
retention 

Range 

7-86  mth. 
(excluding 

1  permanent) 

9-21  mth. 

27  to  2  mth. 

7-5  mth. 
(excluding 

1  permanent) 

9-38  mth. 

27  to  2  mth. 

4- 64  mth. 

5- 04  mth. 

13  to  2  mth. 

None 

Length  of  upper 
incisors: 

(corrected  for 
magnification) 
Before  treatment 
Average 

S.D. 

Range 

After  treatment 
Average 

S.D. 

Range 

22-89  mm .* 
2-34  mm. 

27-1  to  18-69  mm. 

29-79  mm. 

2*23  mm. 

25-23  to  17-29  mm. 

23-83  mm. 

2-2  mm. 

27-1  to  19-63  mm. 

20-81  mm. 

2*2  mm. 

24-3  to  17-29  mm. 

24-26  mm.* 

1-79  mm. 
28-04  to  21-5  mm. 

24-21  mm. 

27-1  to  21-5  mm. 

14  yr.  23-86  mm. 

28-04  to  18-69  mm. 

19  yr.  23-63  mm. 

28-04  to  17-76  mm. 

22-84  mm. 

26-17  to  17-76  mm. 

Resorption 

End  of  treatment 
Average 

Range 

End  of  retention 
Average 

Range 

Recall 

Average 

Range 

Overall 

maximum 

average 

2-18  mm. 

4  to  0-5  mm. 

2-08  mm. 

4  to  0-5  mm. 

2-73  mm. 

5  to  0-5  mm. 

2-5  mm. 

2-86  mm. 

4  to  1-5  mm. 

3  mm. 

3-5  to  2-5  mm. 

4  mm. 

5  to  3  mm. 

1  case  1  mm. 

1  case  1-5  mm. 

1  case  2  mm. 

2  cases  1  mm. 

*  Statistically  significant. 


only  9-09  per  cent  of  treatments  were  with  fixed 
appliances  alone.  Apical  control  of  the  upper 
incisors  using  a  torquing  force  in  the  archwire 
during  overjet  reduction  occurred  in  29-41  per 
cent  of  group  A  and  27-28  per  cent  of  subgroup  A 
cases.  In  group  B  an  apical  torquing  force  was 
used  in  only  8  per  cent  of  cases.  The  incidence 
of  fixed  appliances  and  apical  torque  was  greater 
in  group  A  than  could  be  accounted  for  by 


the  average  resorption  during  treatment  in  those 
cases  in  which  only  fixed  appliances  were  used  was 
2-08  mm„  and  the  average  resorption  during 
treatment  in  those  cases  in  which  a  torquing 
force  was  applied  to  the  upper  incisors  was 
2-17  mm.,  it  would  seem  that  there  is  little  cor¬ 
relation  between  the  degree  of  resorption  occurring 
during  treatment  and  the  type  of  appliance 
used. 
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Twenty-one  cases  from  group  A  had  long-term 
recall  records  of  their  teeth  (i.e.,  at  least  2  years 
after  retention  ceased).  Ten  of  these  (48  per  cent) 
had  no  increased  resorption  from  the  end  of 
retention  to  recall.  Eleven  of  the  21  (52  per  cent) 
did  have  increased  resorption  and  comprised 
4  Edgewise  multi  band  cases,  3  cases  who  had 
worn  only  removable  appliances,  and  4  who  had 
worn  both  removable  and  fixed  appliances  during 
treatment.  One  of  the  cases  who  had  worn  both 
fixed  and  removable  appliances  had  had  an  upper 
removable  appliance  and  then  a  twin  wire  arch 
with  orthodontic  bands  on  621 1 126.  The  right 
upper  central  incisor  was  traumatically  placed  at 
the  end  of  treatment  and  resorption  was  greatly 
increased  on  this  tooth;  JJ  was  resorbed  7  mm.  and 
]J  was  resorbed  2  mm.  (Fig.  7).  Those  cases  with 
increased  resorption  at  recall  comprised  an 
inordinately  high  proportion  of  Edgewise  cases. 


skull  radiographs  the  magnification  of  the 
cephalostat  was  assessed  and  found  to  be  7  per 
cent. 

Corrected  figures  for  the  original  measure¬ 
ments  are  shown  in  Table  IV.  It  will  be  seen  that 
the  lengths  of  upper  central  incisor  teeth  in 
group  A  (average  22-89  mm.)  and  group  D 
(average  22-84  mm.)  are  very  similar  and  some¬ 
what  less  than  in  group  B  (average  24-26  mm.). 
The  average  length  in  subgroup  A  (23-83  mm.)  is 
greater  than  in  groups  A  and  D  but  less  than  in 


Fig.  7. — Radiographs  of  a  patient  with  uneven  resorption  of  the  upper  incisor  roots  after  treatment. 


Retention 

The  average  length  of  retention  following  active 
appliance  therapy  was  definitely  greater  in 
group  A  (all  cases,  average  7-86  months,  excluding 
cases  with  no  retention,  average  9-21  months) 
than  in  group  B  (all  cases,  average  4-64  months, 
excluding  no  retention,  average  5-04  months). 
These  differences  were  not  statistically  significant 
(Table  IV). 

The  Length  of  the  Upper  Incisors 

Black  (1902)  gave  average  figures  from 
measurements  of  extracted  upper  central  incisor 
teeth  as  follows: — 

Overall  Crown  Root 
Average  22-5  mm.  10  mm.  12  mm. 

Greatest  27  mm.  12  mm.  16  mm. 

Least  1 8  mm.  8  mm.  8  mm. 

Since  the  measurements  of  upper  central  incisor 
teeth  in  this  investigation  were  taken  from  lateral 
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group  B.  The  difference  between  the  average 
incisor  lengths  of  group  A  and  group  B  before 
treatment  was  statistically  significant  at  the 
2  per  cent  level. 

Resorption 

The  average  resorption  in  group  A  cases  was 
2-18  mm.  at  the  end  of  treatment.  At  the  end  of 
retention  average  resorption  was  2-08  mm.,  and  at 
recall  (at  least  1  year  after  retention  ceased) 
resorption  was  on  average  2-73  mm.  (these  latter 
figures  are  anomalous  in  that  some  case  records 
were  incomplete).  The  maximum  resorption 
recorded  for  each  case  averaged  2-5  mm.  (the 
measurement  being  taken  from  the  last  available 
lateral  skull  radiograph  in  each  case).  There 
were  2  cases  in  group  B  with  resorption  of  1  mm. 
and  1-5  mm.  respectively,  which  had  not 
been  previously  noted.  In  group  C  there  were 
2  cases  with  1  mm.  resorption  and  1  case  with 
2  mm.  resorption.  It  should  be  noted  that  the 


measurements  of  resorption  have  not  been 
corrected  for  cephalostat  magnification  which  is 
relatively  unimportant  with  the  small  values 
involved. 

The  main  differences  between  group  A  and 
subgroup  A  were  the  very  high  incidence  of 


Class  II,  division  1  malocclusions  and  the  100  per 
cent  occurrence  of  lip  incompetence  and  overjet 
increase  in  subgroup  A.  There  was  also  a  greater 
incidence  of  relapse  in  subgroup  A  and  resorption 
increase  was  greater  on  average  during  retention 
and  on  subsequent  recall  in  these  cases. 


D  E  F 


Fig.  8. — Radiographs  of  a  patient  who  had  severe  progressive  resorption  following  very  limited  ortho 
dontic  treatment.  A,  Intra-oral  radiograph  before  treatment,  aged  9  years.  B,  Lateral  skull  radiograph 
before  treatment,  aged  10  years.  C,  Before  limited  (2  months)  treatment  to  U,  aged  13  years.  D,  After 
limited  (2  months)  treatment  to  U,  aged  13  years.  Above,  Intra-oral  radiograph.  Below,  Lateral  skull 
radiograph.  E,  Acrylic  splint  fitted,  aged  16  years.  Above,  Intra-oral  radiograph.  Below,  Lateral  skull 
radiograph.  F,  After  fitting  permanent  splint,  aged  21  years.  Above,  Intra-oral  radiograph.  Below,  Lateral 
skull  radiograph. 
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CORRELATION  OF  POSSIBLE 
AETIOLOGICAL  FACTORS 

Sex 

There  was  a  greater  number  of  females  in 
group  A  (61-76  per  cent)  compared  with  group  B 
(52  per  cent).  However,  the  average  overall 
maximum  amount  of  resorption  in  group  A 
females  was  2-55  mm.  and  in  group  A  males 
2-38  mm.  (group  A  average  2-5  mm.  resorption). 


A 


This  difference  between  the  average  maximum 
resorption  occurring  in  females  compared  with 
males  is  not  statistically  significant. 

Age  at  Commencement  of  Treatment 

Since  the  average  age  at  institution  of  treatment 
in  group  A  (13-50  years)  was  greater  than  in 
group  B  (11-61  years)  and  this  difference  was 
statistically  significant  it  was  felt  that  resorption 
may  occur  with  increased  frequency  with  in¬ 
creased  age.  Since  the  age-group  11-12  years  had 
the  greatest  average  resorption  (3-07  mm.  for 
7  cases!)  there  would  seem  to  be  no  definite 
overall  relationship  between  the  degree  of  resorp¬ 
tion  and  the  age  at  the  inception  of  treatment. 
It  would  seem,  however,  that  there  is  an  increased 
incidence  of  resorption  in  those  patients  who  are 
older  at  the  commencement  of  orthodontic 
treatment,  although  the  amount  of  resorption 
was,  in  fact,  greatest  in  those  patients  aged  1 1-12 
years  at  commencement  of  treatment. 

Length  of  Treatment 

The  average  length  of  overall  treatment  and  of 
treatment  to  21 1 12  was  greater  in  group  A  than  in 
group  B.  However,  3  patients  from  group  A  had 


Fig.  9. — Radiographs  of  a  patient  with  almost  complete  relapse  of  overjet  following  treatment.  A,  Be¬ 
fore  treatment.  B,  After  treatment.  Left,  Lateral  skull  radiograph.  Note  the  incomplete  reduction  of  the 
overjet.  Right,  Intra-oral  radiographs  21112.  Note  the  resorption  of  3211123  (especially  IB).  C,  Three  years 
after  the  end  of  treatment,  aged  20  years.  Left,  Lateral  skull  radiograph.  Note  the  relapse  of  the  overjet. 

Right,  Intra-oral  radiographs  showing  resorption  of  an^  als°  slight  resorption  of 
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treatment  to  21 1 12  lasting  over  2  years;  in  these 
3  cases  the  average  resorption  was  217  mm.  only. 
Interrelating  the  factors  of  age  at  the  start  of 
treatment  and  the  length  of  treatment  produced 
no  values  far  from  the  mean  resorption  figure  of 
the  whole  group. 

Appliance  Therapy 

The  incidence  of  fixed  appliances  and  those 
appliances  in  which  apical  torque  was  utilized  was 
statistically  significantly  greater  in  group  A  than 
group  B. 


upper  incisor  mobility,  and  2-5  mm.  further 
resorption  had  occurred  by  21  years  (8  years  after 
treatment  had  finished).  Resorption  is,  therefore, 
progressive.  There  is  no  evidence  of  generalized 
root  resorption. 

2.  Those  Cases  in  which  Resorption  occurs  after 
the  Start  of  Orthodontic  Treatment  in  which 
Permanent  Overjet  Reduction  does  not  occur 

A  permanent  lip-to-lip  anterior  oral  seal  is  not 
possible  in  these  cases  and  therefore  a  tongue-to- 
lower-lip  anterior  oral  seal  persists.  It  is  likely 


A 


Fig.  10. — Radiographs  of  a  male  aged  15  years 
showing  widespread  root  resorption.  No  ortho¬ 
dontic  treatment  had  been  undergone.  A,  Intra¬ 
oral  radiographs  of  the  anterior  teeth.  B,  Half¬ 
plate  radiographs.  Note  ‘  stunting  ’  of  the 
premolars  (arrowed).  C,  Lateral  skull  radiographs. 


Soft  Tissues 

The  increased  incidence  of  lip  incompetence 
and  anterior  oral  seals  maintained  by  tongue  to 
lower  lip  contact  in  cases  with  above-average 
resorption  tends  to  confirm  the  commonly  held 
view  that  ‘  jiggling  *  of  the  teeth  is  a  factor  in  the 
aetiology  of  resorption  of  upper  incisors.  Func¬ 
tional  appliances  which  may  produce  a  similar 
‘  jiggling  ’  force  on  the  upper  incisor  teeth  were 
rarely  involved  in  the  treatment  of  cases  in  this 
survey.  The  total  incidence  of  functional  appli¬ 
ance  therapy  in  all  orthodontic  treatment  carried 
out  in  the  institution  from  which  this  survey 
was  made  is  low,  however. 

DISCUSSION 

I  would  suggest  that  resorption  cases  may  be 
divided  into  three  categories : — 

1.  Those  whose  Incisors  will  resorb  anyway 

In  the  case  illustrated  in  Fig.  8  little  orthodontic 
treatment  was  carried  out  (13  months  total).  The 
only  active  treatment  to  the  upper  labial  segment 
was  2  months  with  a  fixed  appliance  to  aline  ]L 
The  upper  incisors  were  relatively  short  at  the 
start  of  treatment  (21  mm.)  and  2-5  mm.  resorp¬ 
tion  occurred  during  the  time  of  treatment.  A 
permanent  splint  is  now  being  worn  because  of 


C 


that  the  tongue-to-lower-lip  seal  prevents  overjet 
reduction  or,  if  overjet  reduction  is  possible, 
causes  relapse.  Resorption  occurs  because  a  force 
contrary  to  the  orthodontic  appliance,  i.e.,  the 
tongue,  is  always  present.  In  the  case  shown 
(Fig.  9)  the  overjet  was  reduced  from  11  mm.  to 
5  mm.  but  subsequently  relapsed  to  9  mm. 

Lengthy  treatment  in  these  cases  if  overjet 
reduction  is  slow  is  very  liable  to  produce  lesorp- 
tion.  It  is  therefore  imperative  when  overjet 
reduction  is  slow  that  a  fixed  appliance  is  utilized 
in  which  the  intramaxillary  traction  is  operator 
activated.  Poor  patient  co-operation  is  thus 
eliminated.  If  overjet  reduction  continues  to 
be  slow  then  orthodontic  treatment  should  be 
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discontinued.  It  may  well  be  this  type  of  case 
which  has  given  orthodontic  treatment  its  ‘  bad 
name  ’  with  regard  to  root  resorption  of  the 
upper  incisors.  Root  resorption  tends  to  be  of 
the  magnitude  of  2  mm. 

3.  Those  Cases  in  which  Slight  Resorption 
(1-2  mm.)  occurs  probably  as  a  Direct  Result  of  the 
Appliances  used 

Slight  resorption  may  occur  from  the  use  of 
appliances  in  which  a  torque  force  is  applied  to 
the  upper  incisors.  It  is  probable  that  these  slight 


Fig.  11. — A  patient  with  no  orthodontic  treat¬ 
ment.  Note  the  slight  ‘shaving  off’  of  the 
anterior  part  of  the  apices  of  ffi. 


resorption  cases  occur  more  frequently  than  was 
found  in  this  investigation.  More  widespread  use 
of  upper  and  lower  multiband  appliances  tends  to 
place  emphasis  on  the  length  of  the  upper  incisor 
roots  especially  when  they  are  thrown  forward 
initially  and  then  torqued  palatally  as  in  the  Begg 
technique.  More  frequent  radiographic  checks 
and  measurement  of  incisor  lengths  will  certainly 
bring  more  cases  of  resorption  to  light  and  also 
will  make  clinicians  more  aware  of  those  cases  in 
which  resorption  occurs.  It  should,  however,  be 
remembered  that  3  cases  with  slight  resorption 
were  found  in  group  C  (20  non-orthodontic 
treatment  controls). 

In  addition,  certain  individuals  do  have  a  pre¬ 
disposition  for  resorption  no  matter  which  appli¬ 
ances  are  used,  or,  in  fact,  resorption  may  occur 
in  the  absence  of  appliance  therapy.  In  the  case 
shown  in  Fig.  10,  a  boy  aged  15  years,  no  ortho¬ 
dontic  treatment  was  undertaken  and  there  was 
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apparent  widespread  root  resorption.  The  stunt¬ 
ing  of  premolar  roots,  as  seen  in  Fig.  10,  is 
thought  to  be  an  indication  of  a  predisposition  to 
root  resorption  (Ballard,  1970). 

Local  morphological  factors  may  predispose 
individual  teeth  to  root  resorption,  for  example : — 

a.  Upper  incisors  roots  may  be  ‘  shaved  off  ’  on 
their  labial  surfaces  as  in  the  case  shown  in 
Fig.  11.  This  patient  had  had  no  orthodontic 
treatment. 

b.  It  is  possible  that  short-rooted  teeth  are 
more  liable  to  root  resorption,  being  less  able  to 
withstand  strain.  This  tended  to  be  borne  out  by 
the  average  incisor  lengths  of  group  A  (22-89  mm.) 
compared  with  group  B  (24-26  mm.).  However, 
subgroup  A  had  an  average  root  length  of  23-83 
mm.,  which  was  greater  than  group  A. 

c.  If  an  individual  tooth  is  placed  in  traumatic 
relationship  considerable  resorption  may  occur 
as  already  shown. 

CONCLUSIONS 

No  single  aetiological  factor  can  be  cited  for 
resorption  of  upper  incisors  during  orthodontic 
treatment. 

The  individual  predisposition  to  root  resorption 
in  certain  cases  tends  to  modify  all  attempts  to 
clarify  aetiological  factors.  In  this  survey 
statistically  significant  findings  were  limited  to 
the  following  factors : — 

1.  The  age  at  the  start  of  orthodontic  treat¬ 
ment  ;  group  A  greater  than  group  B  (5  per  cent 
level  of  significance). 

2.  The  incidence  of  Class  II,  division  1 
malocclusions;  subgroup  A  greater  than  group  B. 
(5  per  cent  level  of  significance). 

3.  The  overjet  dimension  before  treatment; 
group  A  greater  than  group  B  (5  per  cent  level  of 
significance). 

4.  Appliance  therapy. 

a.  The  incidence  of  fixed  appliances  only; 
group  A  greater  than  group  B  (5  per  cent  level). 

b.  The  incidence  of  apical  lorquing  force; 
group  A  greater  than  group  B  (5  per  cent  level). 

5.  The  length  of  the  upper  central  incisors 
before  orthodontic  treatment;  group  A  less  than 
group  B  (2  per  cent  level  of  significance). 

In  addition,  there  was  a  consistent  trend  in 
other  features  throughout  the  comparisons  for 
the  resorption  cases  to  be  orthodontically  more 
difficult,  viz.,  longer  treatments,  increased  reten¬ 
tion,  increased  relapse,  and  it  is  possible  that 
further  statistical  significances  would  have  been 
elicited  if  larger  groups  had  been  available. 

SUMMARY 

A  series  of  34  patients  who  had  resorption  of 
their  upper  incisors  following  orthodontic  treat¬ 
ment  (group  A)  were  investigated  and  compared 
with  an  orthodontically  treated  control  series 


(group  B)  and  also  a  non-orthodontically  treated 
series  (group  C). 

No  single  specific  aetiological  factor  was  found 
but  a  number  of  contributory  factors  are  suggested 
together  with  an  individual  predisposing  factor 
which  is  idiopathic  and  may  be  systemic  (Ballard, 
1970). 
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GINGIVITIS  AND  IMBRICATION 


S.  ALLDRITT,  M.D.S. 

The  Queen's  University  of  Belfast 


Irregularity  in  tooth  alinement  is  often 
associated  with  long-standing  inflammatory 
changes  in  the  gum  investing  such  teeth.  It  is 


Fig.  1. — Girl  aged  11  years  showing  almost 
total  failure  of  gingival  atrophy  associated  with 
erupting  s\. 
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generally  accepted  that  gingivitis  is  a  response 
to  irritation  by  surface  bacteria,  so  that  the  role 
of  imbrication  in  the  aetiology  of  gingivitis  is  one 
of  predisposition,  assuming  of  course  that  there 
is  a  causal  relationship  between  the  two  condi¬ 
tions.  Their  association  may  well  be  fortuitous 
since  gingivitis  is  not  invariably  found  around 
imbricated  teeth  and  imbrication  is  certainly  not 
a  necessary  element  in  the  development  of 
gingivitis. 

The  most  obvious  way  in  which  malalinement 
may  predispose  to  gingivitis  is  by  rendering 
certain  parts  of  the  clinical  crowns  inaccessible 
to  cleaning  processes,  but  clinical  experience 
indicates  that  there  are  other  possible  relation¬ 
ships  between  gingivitis  and  imbrication  and  it  is 
with  these  that  we  shall  be  mainly  concerned. 

The  subjects  of  orthodontics  and  periodontics 
share  the  same  tissues — teeth,  gum,  bone,  and 


B 


Fig.  2. — Female  aged  17  years.  A,  Excessive 
gingival  investment  of  the  maxillary  incisors.  B, 
Appearance  of  the  teeth  following  electro- 
surgical  excision  of  the  excess  gum.  The  former 
level  of  the  gingival  margin  is  discernible  and 
indicates  the  depth  of  sulcus.  C,  The  subgingival 
plaque  disclosed. 

periodontal  ligament— and  they  are  both  con¬ 
cerned  with  the  two  systems  which  these  tissues 
constitute.  In  one  of  these  systems,  the  ‘  dento- 
periodontal  ’  system,  the  individual  tooth  is  seen 
in  relation  to  the  other  teeth  and  to  its  gum,  bone, 
and  ligament.  In  the  other  system,  the  ‘  gingivo- 
skeletal  ’  system,  the  gum  is  seen  in  relation  to 
the  teeth  and  bone.  The  skeletal  part  of  this 
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gingivo-skeletal  system  comprises  both  the  clini-  but  for  the  moment  identification  of  these  varia- 
cal  crowns  and  those  parts  of  the  crowns,  roots,  tions  is  sufficient. 

and  alveolar  bone  to  which  gum  is  directly  One  of  the  developmental  variations  arises 
related.  The  justification  for  defining  such  a  during  the  process  of  eruption.  Instead  of  the 


Fig.  3. — Male  aged  25  years  with  severe  reces¬ 
sion  around  the  mandibular  incisors  but  not 
involving  the  gingivomucosal  junction.  Note  the 
symmetry  and  uniformity. 


Fig.  5. — Normal  socket  margin  to  enamel  margin 
relation  of  2|. 


system  lies  in  the  distinct  functional  roles  of 
gum.  An  understanding  of  these  functions  not 
only  provides  the  proper  basis  for  studying 
gingival  structure  and  form  but  also  underlies 
the  principles  of  gingival  management. 

Gum  has  a  duality  of  functions  in  that  it  acts 
both  as  a  mucous  membrane  and  as  a  periosteum. 
When  a  tooth  is  fully  erupted  the  proper  func¬ 
tioning  of  gum  depends  very  much  upon  the 
relation  of  the  gingival  margin  to  the  enamel 
margin.  The  optimum  level  of  gingival  margin 
is  one  in  which  the  margin  lies  on  the  crown  as 
close  to  the  enamel  margin  as  the  inherent 
characteristics  of  the  epithelial  attachment  will 
allow.  This  is  the  optimum  level  for  gingival 
function  as  a  mucous  membrane.  This  level  of 
gingival  margin  can  change  as  a  result  of  inflam¬ 
matory  or  hyperplastic  pathology  but  it  is  also 
possible  for  variations  in  gingival  level  to  occur 
which  are  developmental  in  nature.  These  may 
well  predispose  the  gum  to  pathological  changes, 


Fig.  4. — Dried  specimen  showing  normal  socket 
margin  to  enamel  margin  relation  of  21 1. 


Fig.  6. — Boy  aged  1 1  years.  Radiograph  showing 
crypt  to  enamel  margin  relation  of  s|. 


Fig.  7. — Same  case  as  in  Fig.  2.  Note  the  relation 
of  socket  margin  to  enamel  margin  of  2|. 


gingival  margin  retreating  to  its  optimum  level 
on  the  crown  the  process  becomes  arrested  at  a 
more  occlusal  level. 

Total  failure  of  gingival  atrophy  during  erup¬ 
tion  seems  to  be  rare  (Fig.  1),  but  lesser  degrees 
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are  common  and  result  in  a  correspondingly 
excessive  investment  of  the  crown.  The  excessive 
investment  may  be  a  matter  of  only  a  few  milli¬ 
metres  but  any  excess  of  gum  predisposes  to  the 
formation  of  a  gingival  sulcus.  A  sulcus  tends 


arrest.  The  fact  that  recession  occurs  in  adult  life 
masks  its  essentially  developmental  nature,  in  that 
it  is  secondary  to  a  fault  in  the  underlying  bone 
(Fig.  3).  Recession  does  not  in  itself  reduce  the 
ability  of  gum  to  act  as  a  mucous  membrane. 


Fig.  8. — A,  Dried  specimen,  showing  developmental  bone  deficiency  affecting  the  labial  aspect  of  the 
mandibular  incisors.  B,  The  lingual  aspect  of  the  mandibular  incisors.  Note  the  particularly  severe  under¬ 
investment  of  2|. 


Fig.  9. — Female  aged  13  years.  A,  Gingivitis  owing  to  heavy  plaque  formation.  B,  Appearance  2  years  later 

following  orthodontic  treatment  and  impeccable  home  care. 


to  reduce  the  competence  of  gum  to  act  as  a 
mucous  membrane  in  so  far  as  it  permits  the 
growth  of  subgingival  plaque  (Fig.  2). 

The  aetiology  of  incomplete  gingival  develop¬ 
ment  probably  differs  from  case  to  case.  It  may 
be  associated  with  certain  types  of  skeletal  varia¬ 
tion,  but  it  is  also  possible  for  it  to  be  a  definitive 
fault  in  the  gum,  in  that  it  is  not  associated  with  an 
obvious  abnormality  in  the  tooth/bone  skeleton. 

The  other  variation  in  gingival  level  is  a  reces¬ 
sion  of  the  margin  on  to  the  root  surface.  There 
are  various  reasons  why  a  gingival  margin  may 
recede  but  in  the  majority  of  cases  recession 
occurs  in  gum  which  is  otherwise  healthy  and 
for  which  there  is  no  obvious  explanation.  It  is 
common  to  dismiss  the  phenomenon  as  an  age 
change  without  attempting  to  explain  its  selec¬ 
tivity,  its  frequent  symmetry,  and  its  spontaneous 
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Normal  epithelial  continuity  between  gum  and 
tooth  may  be  maintained  so  long  as  the  receded 
margin  does  not  encroach  upon  the  gingivo- 
mucosal  junction.  However,  recession  does  mean 
that  the  protective  function  of  gum  is  lost  with 
respect  to  the  exposed  root  surface.  In  contrast 
to  excessive  investment  of  the  crown  which  may 
occur  on  a  normal  skeleton,  the  process  of 
recession  must  be  seen  in  relation  to  the  bone  on 
which  gum  normally  depends  for  its  support. 

The  skeletal  aspect  of  recession  will  be  men¬ 
tioned  again,  but  at  this  stage  an  attempt  to  define 
the  optimum  form  of  the  skeleton  in  the  gingivo- 
skeletal  system  would  be  useful.  The  factors 
contributing  to  this  are:  (1)  the  form  of  the  teeth, 
(2)  the  alinement  of  the  teeth,  (3)  the  form  of 
the  socket  margin,  and  (4)  the  level  of  the  socket 
margin  on  the  root,  or  more  precisely  the  relation 


of  socket  margin  to  enamel  margin.  All  these 
factors  may  exhibit  variation  so  that  the  overall 
variation  in  tooth/bone  form  is  extensive.  The 
first  of  these  factors,  tooth  form,  is  genetically 
predetermined  and  alterable  only  by  extensive 


and  rather  uncertain  crowning  procedures.  The 
second  underlies  orthodontics,  whilst  the  third 
and  fourth  are  the  province  of  the  periodontist. 
This  is  not  to  say  that  the  orthodontist  can  afford 
to  ignore  bone  level  nor  that  the  periodontist 


Fig.  10. — Female  aged  30  years.  A,  Instanding  |2  with  excessive  gum.  B,  Gum  incised  vertically  with  the 
mesial  flap  retracted.  Note  the  extent  of  the  gum  investment  of  the  crown,  the  socket  level  relative  to  the 
enamel  margin,  and  the  contour  of  the  bone  surface. 


Fig.  11. — Male  aged  23  years.  A,  Marked  inflammatory  change  in  the  gum  overlying  the  instanding  \i. 

B,  Deficiency  of  the  bone  investment  of  j 2. 


A  B 

Fig.  12. — Female  aged  20  years.  A,  Gingivitis  superimposed  on  gingival  excess.  B,  Appearance  2  months 

after  gingivoplasty. 
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can  ignore  malalinement,  but  technologically  the 
division  is  valid. 

The  optimum  relation  of  socket  margin  to 
crown  appears  to  be  one  in  which  the  socket 
margin  lies  about  2  mm.  from  the  enamel  and  is 
streamlined  to  the  root  contour.  This  idea  is 


C 


based  partly  on  the  features  seen  in  dried  speci¬ 
mens,  partly  on  the  features  seen  at  operation, 
and  partly  on  the  results  of  surgical  alteration  of 
bone  level.  This  is  considered  to  be  the  optimum 
relation  of  socket  margin  to  enamel  since  under 
these  conditions  the  gingival  margin  may  develop 
its  optimum  relation  to  the  enamel  margin  and 
then  maintain  this  level  throughout  life  {Figs.  4,  5). 

The  relation  of  socket  margin  to  enamel  is  an 
important  factor  in  determining  the  configuration 
of  the  interdental  space.  The  interdental  space  is 
a  unique  type  of  foramen  in  the  body  skeleton 
in  that  continuity  of  body  surface  must  be  main¬ 
tained  in  the  space.  For  this  to  occur  tooth  form, 
tooth  alinement,  bone  form,  and  bone  level  must 
harmonize  to  permit  the  establishment  of  epithelial 
continuity  between  the  teeth  and  the  gum  occlud¬ 
ing  the  space.  For  such  epithelial  continuity  to 
be  functionally  competent  so  that  a  gingival 
sulcus  is  not  created  there  must  be  a  precise 
correlation  between  the  various  tissues  in  their 
development  and  growth. 
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The  factors  influencing  the  relation  of  socket 
margin  to  enamel  margin  are  not  clearly  under¬ 
stood  but  the  symmetry  of  these  two  landmarks 
can  be  very  striking,  suggesting  that  the  relation 
may  be  established  early  on  in  development.  A 
feature  which  supports  this  idea  is  seen  in  the 


B 


Fig.  13. — Girl  aged  13  years.  A,  Marked  excess 
of  gum  on  the  maxillary  incisors.  Note  the 
normality  of  the  gum  on  the  mandibular  incisors. 

B,  Appearance  2  months  following  gingivoplasty. 

C,  Appearance  8  months  after  gingivoplasty 
showing  recurrence  of  papillary  gingivitis  on  \\ 

radiological  picture  of  developing  teeth  and  their 
crypts  {Fig.  6).  The  outline  of  the  crypt  at  the 
enamel  margin  suggests  that  the  follicle  gains  an 
attachment  to  the  cervical  cement,  and  if  such  an 
attachment  were  to  persist  throughout  eruption 
it  could  conceivably  influence  the  eventual  level 
of  the  socket  margin  on  the  root.  However,  there 
are  other  factors  which  influence  socket  level 
since  it  is  commonly  found  at  operation  that  the 
socket  margin  does  not  lie  at  what  is  considered 
to  be  the  optimum  level  on  the  root.  In  some 
patients  the  socket  margin  lies  closer  than  2  mm. 
and  may  virtually  be  in  contact  with  the  enamel 
{Fig.  7).  When  this  variation  occurs  between  the 
interdental  crest  and  proximal  enamel  margins 
the  interdental  space  is  reduced  in  size,  and  should 
the  crest  extend  to  the  contact  area  the  inter¬ 
dental  space  may  be  patent  to  only  the  finest 
probe.  Excessive  investment  of  the  root  by  bone 
is  associated  with  some  degree  of  excessive  invest¬ 
ment  of  the  crown  by  gum.  This  is  presumed  to 
be  due  partly  to  the  convex  form  of  the  enamel/ 
bone  surface  which  contrasts  sharply  with  the 
depression  presented  by  the  normal  cemental 
surface,  and  partly  to  the  stimulation  of  the 
periosteal  component  of  gum  by  the  excessive  bone. 
As  has  already  been  mentioned  excessive  gin¬ 
gival  investment  may  present  as  a  definitive 
anomaly  on  an  otherwise  normal  tooth/bone 
skeleton.  The  fact  that  excessive  bone  investment 
causes  some  degree  of  excessive  gingival  invest¬ 
ment  of  the  crown  is  a  complicating  factor  in  the 


clinical  evaluation  of  gingival  over-investment 
{Figs.  2A,  7). 

The  other  type  of  variation  in  socket  level 
presents  as  a  greater  than  normal  distance 
between  socket  margin  and  enamel.  The  severity 
and  pattern  of  this  anomaly  is  widely  variable, 


we  may  say  that  when  there  is  excessive  gingival 
investment  of  the  crown  the  underlying  bone 
investment  may  also  be  excessive,  but  it  is  pos¬ 
sible  for  it  to  be  normal  or  even  deficient.  When 
the  gingival  margin  is  at  its  normal  level  on  the 
crown  the  bone  level  may  be  at  its  normal  level 


Fig.  14. — Boy  aged  15  years.  A  and  B,  Labial  and  palatal  views  showing  excess  of  gum  impeding  the 
alinement  of  I|.  C,  Gingival  excision  palatally  and  interdentally.  D,  Appearance  10  months  later. 


but  it  frequently  affects  corresponding  teeth  in 
the  arches  and  in  some  cases  to  a  similar  degree. 
Deficiency  of  bone  investment  may  be  quite 
uniform  throughout  an  arch,  or  it  may  affect 
only  one  aspect  of  the  teeth.  When  it  affects  both 
inner  and  outer  aspects  of  a  group  of  teeth  the 
level  of  the  interdental  crests  tends  also  to  be 
reduced,  but  not  necessarily  to  the  same  degree 
as  that  exhibited  by  the  socket  margins  overlying 
the  roots  {Fig.  8). 

The  importance  of  alveolar  under-investment 
in  the  present  context  lies  in  the  predisposition 
of  the  gum  investing  such  a  skeleton  to  undergo 
recession.  In  other  cases  under-investment  may 
call  attention  to  itself  because  of  the  diffuseness 
of  gingivitis,  or  the  presence  of  pocketing  over- 
lying  the  teeth. 

So  far  the  optimum  levels  of  gingival  margin 
and  socket  margin  relative  to  the  enamel  margin, 
and  also  the  anatomical  variations  which  they 
may  present  have  been  considered.  In  summary, 


although  there  may  be  a  deficiency  of  bone  invest¬ 
ment.  In  the  case  of  recession,  bone  level  is 
bound  to  be  deficient,  and  when  the  process  of 
recession  is  complete  (always  assuming  that  the 
gingivomucosal  junction  is  not  involved)  the 
gingival  margin  is  found  to  have  taken  up  a  rela¬ 
tion  to  the  socket  margin  similar  to  that  seen 
between  normal  gingival  margin  and  normal 
bone  margin. 

This  brief  review  of  certain  aspects  of  gum/bone 
relation  provides  a  background  for  consideration 
of  the  variations  in  the  tooth  part  of  the  skeleton. 
These  variations  may  occur  in  either  tooth  form 
or  tooth  alinement.  The  variation  in  tooth  form 
which  is  of  periodontal  importance  presents  as  a 
lack  of  pronounced  proximal  contour.  This 
causes  reduction  in  the  size  of  the  interdental 
space,  and  when  the  bone  level  is  normal  the 
interdental  gum  tends  to  be  deeply  cleft  around 
the  contact  area  and  to  suffer  food  impaction 
through  lack  of  protection  from  the  embrasures. 
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The  problem  of  undercontoured  crowns  is  masked 
when  there  is  an  excess  of  gum,  and  whether  or 
not  they  contribute  to  the  disordered  gingival 
development  they  can  certainly  complicate  post¬ 
operative  care  by  the  patient. 


excessive  on  the  instanding  tooth  and  in  the  other 
being  deficient.  Inflammation  almost  inevitably 
becomes  superimposed  on  excess  gum  and  en¬ 
larges  the  gum  still  further.  In  these  cases  the 
response  to  plaque  removal  and  home  care  is 


Fig.  15. — Girl  aged  15  years.  A,  Marked  gingival  deformity  around  the  maxillary  incisors  following  ortho¬ 
dontic  treatment.  B,  Appearance  1  year  after  gingival  surgery. 


Fig.  16. — Girl  aged  19  years.  A,  Gingivitis  superimposed  on  excess  gum  associated  with  imbrication.  B, 

Excessive  bone  investment. 


This  now  leaves  the  factor  of  imbrication  to  be 
fitted  into  the  picture  of  gum/tooth/bone  varia¬ 
tion.  As  noted  earlier  normal  gingival  develop¬ 
ment  can  take  place  around  malalined  teeth. 
Should  gingivitis  subsequently  develop  the 
response  to  plaque  removal  and  proper  home 
care  will  be  similar  to  that  which  occurs  in  cases 
of  normal  alinement.  With  correction  of  the 
malalinement  the  gum  undergoes  spontaneous 
modification  in  form  to  the  improved  skeleton 
(Fig.  9). 

The  frequency  with  which  malalinement  and 
gingival  over-investment  are  associated  suggests 
that  malalinement  may  have  an  adverse  effect 
on  the  process  of  gingival  development.  The 
instanding  crown  with  excessive  gum  on  its 
vestibular  surface  is  a  common  expression  of  this 
effect.  In  Figs.  10  and  11,2  such  cases  are  shown, 
with  the  bone  investment  in  one  case  being 
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usually  disappointing,  and  at  best  incomplete, 
so  that  the  only  certain  way  of  eliminating  the 
excess  tissue  is  by  excision  (Fig.  12). 

The  timing  of  gingival  surgery  might  be  men¬ 
tioned  here.  Treatment  should  not  be  post¬ 
poned  in  the  hope  that  gingival  form  will  undergo 
spontaneous  improvement  with  age.  As  has  been 
said  this  may  occur  with  reduction  in  the  mal¬ 
alinement  when  the  gum/bone  form  is  essentially 
normal,  but  is  limited  when  there  is  an  excess  of 
gum.  The  advantage  of  carrying  out  gingivo- 
plasty  before  orthodontic  treatment  is  that  the 
optimum  conditions  are  created  for  the  develop¬ 
ment  of  functional  gingival  form  as  the  ortho¬ 
dontic  treatment  proceeds.  Furthermore,  the 
possible  impediment  to  tooth  movement  which 
excessive  tissue  may  offer  is  eliminated  and  there 
is,  of  course,  the  point  that  the  size  of  the  clinical 
crowns  is  increased,  thus  rendering  them  readily 


accessible  to  the  orthodontist.  When  possible, 
gingivoplasty  should  be  carried  out  just  before 
the  start  of  the  orthodontic  treatment.  It  is 
difficult  for  children  to  maintain  the  necessary 
standard  of  cleanliness  around  crowded  teeth, 


gingival  flap  and  osteoplasty  to  reduce  the  bone 
level  and  thickness.  In  a  child  the  gingival 
excision  should  be  carried  out,  but  precise  osteo¬ 
plasty  is  difficult  on  account  of  the  fibrous  con¬ 
tent  of  the  bone  at  this  stage.  One  is  therefore 


Fig.  17. — Girl  aged  13  years.  A,  Marked  inflammatory  change  around  the  mandibular  incisors.  B,  Flap 
retracted  to  reveal  active  resorption  of  the  interdental  septa  and  socket  margins. 


and  if  there  is  an  undue  interval  between  surgery 
and  the  start  of  orthodontic  treatment  relapse  is 
more  than  likely  {Fig.  13). 

A  need  for  gingivoplasty  may  arise  during  the 
course  of  orthodontic  treatment  as  a  result  of 
extensive  alteration  in  the  relation  of  one  tooth 
to  another,  or  in  the  inclination  of  the  teeth  such 
as  may  occur  when  proclined  teeth  are  retracted. 
The  excessive  gingival  tissue  may  make  the  com¬ 
pletion  of  alinement  difficult,  in  which  case  the 
gum  should  be  excised  fairly  severely  {Fig.  14). 
Orthodontic  movement  should  be  restarted 
as  soon  as  the  gingival  wound  may  be  left  un¬ 
dressed. 

Pre-orthodontic  gingival  surgery  and  surgery 
during  orthodontic  movement  have  been  men¬ 
tioned.  This  leaves  the  important  matter  of 
gingival  evaluation  once  orthodontic  treatment 
is  complete.  Whether  gingival  surgery  has  already 
been  carried  out  or  not  careful  examination  of 
the  gum  should  be  an  integral  part  of  post- 
orthodontic  examination.  It  must  be  remembered 
that  tooth/gum  relation  may  be  normal  before 
orthodontic  treatment  and  abnormal  afterwards 
so  that  the  orthodontic  treatment  predisposes  the 
gum  to  inflammation  {Fig.  15). 

So  far,  the  type  of  case  in  which  imbrication 
is  associated  with  gum  which  is  either  healthy 
or  essentially  normal  in  its  tooth/bone  relation, 
despite  inflammation,  and  the  type  of  case  in 
which  imbrication  is  associated  with  a  develop¬ 
mental  excess  of  gum  have  been  discussed.  The 
type  of  case  in  which  imbrication  is  associated 
with  excessive  gum  and  excessive  bone  invest¬ 
ment  has  not  yet  been  mentioned  {Fig.  16).  When 
treating  such  a  case  in  an  adult,  excision  of  the 
excess  gum  is  followed  by  the  preparation  of  a 


inclined  to  avoid  osteoplasty  in  a  child  in  favour 
of  long-term  observation  of  the  case.  Correction 
of  the  malalinement  is  highly  desirable,  but  our 
experience  of  this  type  of  case  is  limited  so  that 
it  is  not  yet  possible  to  say  what  effect  correction 
of  the  malalinement  has  on  bone  form.  One 
important  point  that  should  be  mentioned  with 
regard  to  these  cases  is  that  the  excessively  high 
level  of  bone  may  well  predispose  to  its  inflam¬ 
matory  involvement  at  an  early  age  {Fig.  17). 
This  is  another  indication,  if  any  were  needed, 
that  gingivitis  in  the  child  is  a  serious  matter  and 
deserves  much  more  attention  than  it  has  received 
in  the  past. 

SUMMARY 

Gingivitis  and  imbrication  may  occur  in  for¬ 
tuitous  association  but  a  causal  relation  between 
the  two  is  possible.  At  the  present  time  it  is 
recognized  that  certain  types  of  anatomical  varia¬ 
tion  may  occur  in  the  gum  and  in  the  bone,  and 
to  these  must  be  added  the  variations  in  the  form 
and  alinement  of  the  teeth  in  order  to  encompass 
the  whole  spectrum  of  variation  in  the  gingivo- 
skeletal  system.  There  seems  little  doubt  that 
imbrication  can  adversely  affect  gingival  develop¬ 
ment  and  that  bone  level  can  influence  gingival 
level,  but  the  relation  between  imbrication  and 
bone  level  is  not  understood. 

Orthodontic  treatment  is  capable  of  improving 
interspace  configuration  with  respect  to  its  dental 
components,  and  possibly  also  with  respect  to 
bone  height,  but  this  aspect  needs  to  be  investi¬ 
gated.  Orthodontic  treatment  increases  the 
effectiveness  of  the  self-cleansing  mechanisms  of 
the  mouth  and  renders  the  teeth  more  accessible 
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to  the  toothbrush.  Gingival  surgery  corrects 
deformity  and  eliminates  the  gingival  sulcus.  It 
allows  inspection  of  the  socket  margins  and 
eliminates  inflamed  tissue. 

The  co-ordination  of  orthodontic  and  gingival 
treatment  requires  careful  planning  and  much 
effort  by  everyone  concerned,  but  the  results  can 
be  extremely  gratifying.  In  some  cases  the  indica¬ 
tion  is  for  gingival  surgery  first  followed  by  the 
orthodontic  treatment,  whilst  in  others  the  ortho¬ 
dontic  treatment  comes  first  and  is  followed  by 
a  critical  examination  of  the  gum,  with  surgical 


correction  of  residual  deformity  being  indicated 
as  soon  as  possible. 
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Lower  third  molars  are  commonly  impacted  and 
may  present  surgical,  periodontal,  and  orthodontic 
problems.  While  serious  surgical  complications 
of  third  molar  removal  and  impaction  are  less 
common  that  they  were  (Bowdler  Henry,  1938) 
before  the  introduction  of  antibiotics,  they  still 
do  occur  and  have  been  reviewed  by  Kay  (1966). 

The  periodontal  sequelae  of  third  molar 
impaction  have  attracted  less  attention.  Ash, 
Costich,  and  Hayward  (1962)  found  pockets 
distal  to  second  molars  before  surgery  in  nearly 
30  per  cent  of  patients  with  impacted  third 
molars,  and  in  over  50  per  cent  of  the  same  cases 
1  year  after  surgery.  These  authors  concluded: 
‘  All  impacted  or  potentially  impacted  third 
molars  should  be  extracted  as  early  in  their 
development  as  possible  to  prevent  the  high 
incidence  of  loss  of  supporting  structure  on  the 
distal  of  second  molars.’  Although  Groves  and 
Moore  (1970)  suggested  that  removal  of  impacted 
lower  third  molars  might  prevent  further  deterior¬ 
ation  in  the  periodontal  condition  of  the  lower 
second  molar,  they  reported  bone  loss  distal  to 
second  molars  in  over  20  per  cent  of  their  cases 
after  surgery. 

The  effects  of  third  molar  impaction  on  the 
occlusion  are  not  clear.  A  belief  commonly  held 
is  that  such  teeth  may  promote  mesial  drift  of 
buccal  segments  and  so  contribute  to  late  incisor 
crowding.  Bergstrom  and  Jensen  (1960)  found, 
in  a  group  of  young  adults  with  unilateral  absence 
of  one  lower  third  molar,  that  there  was  slightly 
greater  crowding  on  the  side  where  the  third 
molar  was  present.  However,  there  is  little 
reliable  information  on  this  subject  and  third 
molars  are  certainly  not  the  only  factor  involved 
in  late  incisor  crowding.  Nevertheless,  it  is  a 


matter  of  debate  whether  the  orthodontist  can 
regard  a  patient  as  having  completed  treatment 
before  third  molars  have  either  erupted  into 
occlusion  or  have  been  removed.  In  considera¬ 
tion  of  the  possible  orthodontic  complications 
some  attention  has  been  directed  to  the  circum¬ 
vention  of  third  molar  impaction.  Bjork,  Jensen, 
and  Palling  (1956)  point  out  that  where  teeth  are 
lost  further  forward  in  the  arch,  the  prevalence 
of  impaction  is  reduced.  Extraction  of  premolars 
has  been  claimed  to  reduce  third  molar  impaction 
(e.g.,  Faubion,  1968).  Lower  second  molars  are 
often  extracted  either  as  part  of  an  overall  ortho¬ 
dontic  treatment  plan  or  with  the  sole  aim  of 
providing  space  for  the  third  molars.  Smith 
(1958)  reported  that  only  17  out  of  34  patients 
who  had  lower  second  molars  extracted  for 
orthodontic  reasons  had  third  molars  ‘  with  an 
acceptable  axial  inclination  on  eruption  \  Cryer 
(1967)  found  the  most  favourable  results  where 
second  molars  were  extracted  at  the  time  of 
completion  of  third  molar  crowns.  At  this  stage 
70  per  cent  of  third  molars  erupted  into  a  good 
position  although  when  second  molars  were 
removed  at  other  stages  good  results  fell  to  less 
than  fifty  per  cent.  He  comments :  ‘  variability 
seems  the  most  apt  description  of  third  molar 
behaviour  ’. 

Another  approach  to  prevention  of  impaction 
is  early  removal  of  the  third  molar  itself.  Bowdler 
Henry  (1934,  1938)  described  his  operation  for 
enucleation  of  the  third  molars  at  an  early  stage 
when  they  are  still  superficial,  preferably  before  the 
union  of  the  cusps.  Although  this  is  an  ingenious 
approach,  many  orthodontists  and  dental  sur¬ 
geons  have  had  reservations  about  committing  a 
patient  to  the  loss  of  the  third  molars  during  the 
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early  mixed  dentition  stage  when  there  is  still  an 
appreciable  amount  of  growth  to  occur  and  when 
there  is  the  very  real  risk  of  the  loss  of  other 
teeth,  either  due  to  caries  or  for  orthodontic 
reasons.  Some  35  years  later  Bowdler  Henry  (1969) 
described  a  method  of  removing  the  lower  third 
molars  via  a  buccal  approach  at  a  later  stage  when 
the  crown  is  completed.  At  this  stage  there  is  a 
much  better  chance  of  correctly  assessing  the 
potential  impaction,  and  the  caries  and  ortho¬ 
dontic  status  of  the  patient  is  much  more  clearly 
defined.  This  operation  is  undertaken  earlier 
than  the  conventional  surgical  approach  and 
before  the  third  molar  can  have  had  any  deleteri¬ 
ous  effects  on  either  the  periodontal  condition 
of  the  second  molar  or  on  crowding  in  the  lower 
arch. 

Bowdler  Henry  published  a  description  of 
this  ingenious  and  original  technique,  which  he 
called  ‘  lateral  trepanation  ’,  in  1969.  One  year 
earlier  he  was  kind  enough  to  send  one  of  us 
(G.L.H.)  full  details  of  the  operation  which  he  had 
devised  and  the  research  on  which  it  was  based. 
This  generous  action  has  made  it  possible  to 
complete  the  study  which  forms  the  subject  of  this 
paper  much  earlier  than  would  otherwise  have 
been  the  case,  and  we  are  indebted  to  him. 

CASE  SELECTION 

Patients  were  selected  for  inclusion  in  this 
clinical  study  only  when  it  was  considered  that 
there  was  little  or  no  chance  of  their  lower  third 
molars  erupting  into  a  normal  position.  The 
crowns  of  these  teeth  were  at  least  one-half 
calcified  and  root  formation  was  no  more  than 
one-third  completed.  The  choice  in  treatment 
was  either  the  early  removal  of  the  third  molar 
by  lateral  trepanation,  or  the  extraction  of  the 
lower  second  molar  to  relieve  the  impaction  of  the 
third  molar,  or  postponing  surgical  intervention 
in  the  knowledge  that  removal  of  an  impacted 
third  molar  by  a  conventional  surgical  technique 
would  probably  be  required  at  a  later  stage. 

The  assessment  of  the  degree  of  third  molar 
impaction  was  made  on  subjective  grounds,  based 
upon  the  position  of  the  tooth  and  an  estimate 
of  the  space  available  to  accommodate  it.  The 
prognosis  for  eruption  into  a  good  position  was 
considered  to  be  unfavourable  when  the  occlusal 
surface  of  the  third  molar  was  inclined  at  an 
angle  of  more  than  30  degrees  to  the  long  axis  of 
the  second  molar,  or  when  the  space  available 
between  the  distal  margin  of  the  second  molar  and 
the  ascending  ramus  of  the  mandible  was  less 
than  one-half  the  crown  width  of  the  third  molar. 

In  most  cases  no  active  orthodontic  treatment 
whatsoever  was  undertaken  in  the  lower  arch 
but  in  several  cases  orthodontic  treatment  involv¬ 
ing  the  extraction  of  other  teeth  had  been  per¬ 
formed  at  an  earlier  stage.  The  removal  of  the 
third  molars  was  performed  with  the  object  of 
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eliminating  the  impaction  rather  than  either 
preventing  or  relieving  incisor  crowding. 

SURGICAL  PROCEDURE 

The  procedure  which  Bowdler  Henry  (1969) 
described  is  a  delicate  and  dainty  technique  in 
which  a  small  incision  in  the  sulcus  is  used  to 
expose  the  buccal  plate  in  the  mandibular  third 
molar  region.  The  follicle  of  this  tooth  is  then 
trephined  with  a  spear-point  drill  and  is  exposed 
by  the  removal  of  an  ovoid  portion  of  buccal 
plate,  leaving  the  external  oblique  ridge  intact. 
The  tooth  is  ‘  tickled  out  *  with  a  Warwick  James 
elevator. 

Although  a  number  of  problems  were  en¬ 
countered  when  this  technique  was  employed 
by  us,  all  operations  were  completed  success¬ 
fully  and  the  end  results  were  sufficiently  impres¬ 
sive  to  convince  us  of  the  value  of  the  approach. 
A  series  of  minor  modifications  were  made  in  an 
attempt  either  to  avoid  or  to  overcome  the  diffi¬ 
culties  which  had  been  experienced,  and  all  the 
patients  included  in  this  paper  were  operated 
upon  using  the  technique  illustrated  in  Fig.  1. 
The  patients  were  treated  under  endotracheal 
anaesthesia  on  a  day-bed  basis  except  when 
either  the  need  for  further  surgery  elsewhere  in 
the  mouth  or  social  reasons  made  it  necessary  to 
admit  them. 

TECHNIQUE  EMPLOYED 

After  palpating  the  external  oblique  ridge  an 
extended  S-shaped  incision  is  made  from  the 
retromolar  fossa,  across  the  external  oblique 
ridge,  curving  down  through  the  attached  muco- 
periosteum  to  run  along  the  reflection  of  the 
mucous  membrane  to  the  anterior  border  of  the 
first  permanent  molar  (Fig.  1  A).  Experience  has 
revealed  the  importance  of  leaving  a  cuff  of 
attached  mucoperiosteum,  5  mm.  in  width, 
distobuccally  to  the  second  molar. 

The  soft  tissues  lying  behind  and  below  the 
incision  are  readily  elevated  from  the  surface  of 
the  bone  and  held  away  with  a  Bowdler  Henry 
retractor  (Fig.  IB).  A  round  Toller  bone  bur  in  a 
straight  handpiece  is  used  to  trephine  the  position 
of  the  crypt  of  the  third  molar  which  always 
appears  to  lie  further  forwards  than  one  would 
imagine.  When  the  anteroposterior  length  of  the 
crypt  has  been  defined  in  this  manner  the  same  bur 
is  used  to  make  a  vertical  cut  through  the  external 
plate  at  its  anterior  margin.  A  second  cut  through 
the  outer  plate  is  made  at  the  posterior  end  of 
the  crypt  at  an  angle  of  45°  from  the  row  of  tre¬ 
phine  holes  (Fig.  1  C).  A  chisel  is  used  to  out- 
fracture  the  buccal  plate  which  is  then  picked  out 
of  the  wound  with  a  curved  haemostat,  exposing 
the  crown  of  the  third  molar  lying  in  its  crypt 
(Fig.  1 D).  A  Warwick  James  elevator  is  applied  to 
the  occlusal  surface  of  the  tooth  and  used  to 


deliver  it  {Fig.  1 E).  If  difficulty  is  experienced  it  is 
usually  overcome  by  the  further  removal  of  bone 
at  the  distal  and  lower  corner  of  the  bony  win¬ 
dow.  Any  follicular  remnants  are  removed,  the 
bone  margins  are  smoothed  with  a  ‘  vulcanite 


but  pain  severe  enough  to  require  the  use  of 
analgesics  is  uncommon.  In  most  instances  the 
sutures  are  removed  on  the  seventh  postoperative 
day.  Care  should  be  taken  to  account  for  and 
remove  all  of  the  sutures,  for  in  3  cases  in  this 


A 


B 


C 


D 


E 

Fig.  1. — The  operative  procedure  employed  in  this  series  was  a  modification  of  Bowdler  Henry’s  ‘  lateral 

trepanation  ’  technique. 


bur  ’,  and  the  wound  is  closed  with  two  or  three 
sutures  {Fig.  1  F).  As  the  operation  takes  only  a 
few  minutes  to  perform  both  sides  can  be  treated 
under  the  same  anaesthetic. 

Most  patients  experience  some  postoperative 
swelling  and  a  variable  degree  of  trismus  which 
usually  subsides  in  2  or  3  days.  A  few  complain  of 
soreness  in  the  immediate  postoperative  period, 


series  chronic  infection  in  the  postoperative 
period  was  associated  with  the  presence  of  a 
retained  suture. 

RESULTS 

To  date,  125  teeth  have  been  removed  using 
this  method  {Table  I).  Forty-three  patients 
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(83  extractions)  have  been  followed  up  for  a 
period  of  more  than  3  months  and  of  these,  26 
patients  (50  extractions)  have  been  followed  up 
for  more  than  1  year  after  the  operation.  As 
there  was  no  change  apparent  in  the  results 
later  than  3  months  after  the  operation,  this 
group  of  patients  has  been  analysed  without 
further  subdivision  ( Table  II). 


Fig.  2. — Radiographs  of  the  third  molar  area 
1  month  before  and  1  week  and  15  months  after 
removal  of  the  third  molar  by  the  lateral  trepana¬ 
tion  procedure  described. 


Table  I. — Numbers  of  Patients  treated  by  Lateral 

Trepanation 


No.  of 

No.  of 

Patients 

Teeth 

Total  number  of  patients 
Followed  up  for  more  than 

64 

125 

3  months  postoperatively 
Followed  up  for  more  than 

43 

83 

1  year  postoperatively 

26 

50 

Table  II. — Periodontal  Results  Assessed  at  least 
3  Months  after  the  Operation 


No.  of  Teeth 

Good 

Fair 

State  of  hard  tissue 

83 

0 

Condition  of  soft  tissue 

75 

8 

Results  were  assessed  under  two  main  headings, 
namely,  the  state  of  the  hard  tissue  and  the  condi¬ 
tion  of  the  soft  tissues,  respectively  ( Table  II). 

Hard-tissue  results  were  assessed  as  satisfactory 
when  there  was  no  damage  to  the  second  molar, 
when  bone  healing  was  complete,  and  when  there 
was  no  alveolar  bone-loss  either  distal  to  or 
buccal  to  the  second  molar  (Fig.  2). 

The  soft-tissue  result  was  assessed  as  satis¬ 
factory  when  there  was  no  evidence  of  gingival 
recession  or  pocket  production  in  relation  to  the 
second  molar.  In  all  cases  a  linear  scar  was  visible 
but  this  was  usually  unobtrusive  and  should  not 


have  any  deleterious  effect  on  the  long-term  dental 
health  of  the  patient.  Following  the  removal  of 
8  teeth  the  condition  of  the  soft  tissues  was  con¬ 
sidered  to  be  only  fair.  These  were  all  cases  early 
in  the  series  in  whom  the  incision  had  been  made 
much  too  close  to  the  gingival  margin  of  the 
second  molar  which  had  either  become  involved 
in  the  scar  or  distorted  by  scar  contraction. 
However,  it  should  be  said  that  in  no  instance  was 
there  any  reason  to  believe  that  the  long-term 
periodontal  health  of  the  patient  would  be 
adversely  affected,  and  experience  has  shown  that 
this  can  be  avoided  by  correctly  siting  the  incision. 

DISCUSSION 

The  technique  of  lateral  trepanation  is  a  useful 
method  of  removing  lower  third  molars  which  are 
almost  certain  to  become  impacted.  It  is  best 
performed  when  the  third  molar  crown  is  almost 
complete  and  before  root  formation  has  com¬ 
menced.  The  procedure  offers  a  time  advantage  in 
relation  to  enucleation  at  an  earlier  stage  of  third 
molar  tooth  germs  in  that  the  prediction  of 
impaction  and  the  estimate  of  the  dental  status 
of  the  older  patient  is  likely  to  be  more  reliable. 

When  the  removal  of  impacted  third  molars  is 
delayed  until  their  roots  are  more  than  two-thirds 
formed,  as  is  common  practice  with  conventional 
surgical  techniques,  then  surgical,  periodontal, 
and  occlusal  problems  may  arise.  These  compli¬ 
cations  can  largely  be  avoided  by  the  lateral 
trepanation  of  third  molars  at  a  time  when  it  is 
usually  possible  to  determine  whether  or  not 
they  will  become  impacted  but  before  they  can 
have  had  adverse  effects  on  the  dental  health  of 
the  patient. 
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INTRODUCTION 

A  problem  which  often  confronts  the  ortho¬ 
dontist  is  that  of  predicting  the  eruption  pattern 
of  a  misplaced  permanent  tooth.  Diagnosis  and 
treatment  in  this  type  of  case  are  based  not  only 
on  the  nature  of  the  underlying  cause  but  also 
on  the  influence  of  any  other  features  which  might 
effect  further  eruption.  When  these  become 
adverse,  management  may  be  both  complex 
and  lengthy  if  eruption  is  to  be  achieved,  and 
not  infrequently  the  removal  of  an  erupted  tooth 
is  essential  to  provide  sufficient  space.  It  is  for 
these  reasons  that  all  the  features  which  might 
influence  eruption  should  be  accurately  assessed. 
Any  spontaneous  changes  which  might  occur 
are  particularly  important,  for  on  their  recogni¬ 
tion  depends  the  simplicity  of  operative  pro¬ 
cedures.  Whilst  some  might  be  motivated  to 
routine  surgical  exposure  and  fixed  attachments, 
orthodontists  generally  recognize  the  value  of 
spontaneous  change  and  utilize  it  in  treatment 
planning. 

With  the  motivating  forces  that  govern  normal 
eruption  still  a  mystery,  any  assessment  on  the 
eruption  rate  and  pattern  is  based  on  those 
features  which  have  become  significant  in  the 
history  of  clinical  practice.  Apart  from  specific 
causes  such  as  trauma  and  pathology,  these  are 
largely  associated  with  variations  in  the  mor¬ 
phology  and  position  of  the  unerupted  tooth  and 
related  structures.  Following  the  elimination  of 
pathology,  subsequent  tooth  eruption  is  still 
based  on  these  anatomical  features. 

Whilst  it  is  important  to  determine  accurately 
the  significance  of  each  feature  it  is  not  always  a 
straightforward  procedure.  The  very  methods 
available  at  present  suffer  from  limitations  in 
both  localization  and  standardization.  It  is, 
therefore,  hardly  surprising  that  much  of  what 
has  been  written  in  standard  works  is  the  result  of 
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subjective  appraisal.  Limitations  in  the  accuracy 
of  radiography  have  been  pointed  out  by  a 
number  of  authorities  (Franklin,  1952;  Hallet, 
1959),  and  though  combinations  of  radiographic 
views  at  differing  plahes  and  angles  improve 
these  problems  still  arise.  Obviously,  experience 
and  ability  increase  the  quality  of  the  interpreta¬ 
tion,  but  even  the  most  accomplished  would 
agree  about  the  difficulties. 

Clinical  research  also  suffers  from  the  difficulty 
of  evaluating  routine  case  records.  To  overcome 
some  of  these  Hallet  and  Burke  (1961)  adopted  a 
method  of  subjective  ranking  in  their  analysis 
of  the  occlusion  in  cases  where  first  permanent 
molars  had  been  extracted.  In  assessing  the 
eruption  and  alinement  pattern  others  have  been 
prompted,  using  such  a  system,  to  suggest 
limiting  values  for  some  types  of  tooth  displace¬ 
ment.  Whilst  criticisms  may  be  levelled  at  the 
accuracy  of  some  measurements,  they  at  least 
provide  ‘  a  clinical  yardstick  and  information 
of  this  type  helps  to  avoid  some  of  the  pitfalls 
of  misjudgement. 


REVIEW  OF  THE  LITERATURE 

Variations  in  the  anatomy  of  the  tooth  have 
naturally  formed  a  large  part  of  any  investigation 
on  eruption,  and  the  development  of  these 
structures  contributes  to  some  of  the  basic 
theories  on  the  forces  which  govern  normal 
eruption. 

1.  Tooth  Structure 

By  far  the  greatest  volume  of  work  dealing 
with  the  effects  of  anatomical  variation  is 
concerned  with  root  structure,  both  formation 
and  morphology.  Elongation  of  the  developing 
root  is  amongst  the  earliest  theories  of  tooth 
eruption. 

Constant  (1896)  quotes  the  views  of  Thomas 
Bell  (1835):  ‘As  ossification  proceeds  the  roots 
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of  teeth  continue  to  elongate  until  they  can  no 
longer  be  contained  within  the  alveoli.’ 

Since  that  time  arguments  have  ranged  for 
and  against  this  theory.  It  is  well  known  clini¬ 
cally,  however,  that  teeth  with  either  formed  or 
stunted  roots  will  erupt  and  Massler  and  Schour 
(1941),  in  a  survey,  and  Berkovitz  and  Thomas 
(1969),  from  experimental  work,  have  shown  that 
root  resection  of  the  rodent  incisor  has  little 
effect  on  the  eruption  rate.  Main  and  Adams 
(1966),  using  drugs  to  depress  the  mitotic  activity 
of  the  developing  pulp,  also  found  little  change  in 
the  eruption  rate  of  teeth  with  limited  growth. 

From  a  study  of  the  eruption  rate  of  22  central 
incisors  which  had  been  surgically  exposed, 
Burke  (1963)  found  that  blunting  and  premature 
closure  of  the  apices  were  presenting  features 
when  the  eruption  rate  was  slow.  He  considered 
that  root  curvature  could  affect  the  eruption 
rate,  and  concluded  that  straight  roots  and  open 
apices  were  important  factors  in  normal  eruption. 
Broadway  and  Gould  (1960)  considered  that 
root  curvature  in  the  presence  of  trauma  could 
cause  delayed  eruption  of  the  incisor.  Whilst 
Howard  (1966),  in  a  study  on  the  eruption  of  42 
central  incisors,  where  supernumeraries  had  been 
removed  from  the  cases,  found  only  1  case  where 
root  morphology  appeared  to  affect  subsequent 
eruption. 

2.  Tooth  Position 

Displacement  and  failure  of  tooth  eruption 
frequently  occurs  in  the  jaws,  particularly  with 
lower  third  molars.  Though  removal  of  these 
teeth  is  often  indicated,  their  eruption  pattern 
has  been  investigated  where  the  adjacent  molars 
have  been  extracted  as  part  of  orthodontic 
treatment. 

Cryer,  in  his  study  in  1967,  found  that  the 
degree  of  inclination  of  the  third  molar  was  a 
limiting  factor  on  the  eruption  pattern,  whilst 
the  depth  of  displacement  was  less  important. 
Breakspear  (1966)  considered  that  migration  of 
the  lower  third  molar  was  entirely  axial  and 
uprighting  of  the  tooth  did  not  occur  until 
contact  was  made  with  the  adjacent  first  molar. 

Palatal  displacement  with  failure  of  the 
maxillary  canine  to  erupt  is  well  recorded  and 
Hovell  (1966)  considered  the  mesial  inclination 
that  occurred  during  development  an  important 
factor  in  the  aetiology.  The  variable  eruption 
pattern  of  the  central  incisor  following  the 
removal  of  a  supernumerary  has  also  led  authori¬ 
ties  to  suggest  that  other  factors  might  be 
involved.  Gardiner  (1961)  noted  that  labial 
displacement  of  the  incisor  was  associated  with 
delayed  eruption,  and  Howard  (1966)  stressed 
the  limiting  effects  of  apical  displacement. 

3.  Spacing  and  Crowding 

Impaction  of  the  canine  was  said  by  Hitchin 
(1951)  to  be  due  to  inadequate  development  in 
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the  size  of  the  dental  arch,  but  Dewel  (1949) 
had  shown  that  crowding  was  not  a  significant 
feature,  and  in  many  cases  impaction  of  the 
canine  occurred  with  normal  arch  form. 

The  importance  of  sufficient  space  for  eruption 
is  recorded  in  most  reports  on  unerupted  incisors. 
Burke  (1963)  found  that  the  rate  of  incisor 
eruption  was  interrupted  in  the  presence  of 
crowding.  On  space  being  created  by  extractions 
the  eruption  rate  was  restored  even  if  the  incisor 
was  labially  displaced.  As  regards  the  amount  of 
space  for  eruption,  Willcocks  (1966)  considered 
that  it  should  be  at  least  2  mm.  greater  than  the 
width  of  the  unerupted  incisor  crown. 

Most  of  the  investigations  into  delayed  erup¬ 
tion  have  dealt  with  only  a  limited  number  of 
variables,  and  the  relative  significance  of  each 
feature  is  not  fully  understood.  Investigations 
have  also  dealt  mainly  with  the  occlusal  move¬ 
ment  of  the  tooth,  when  it  is  well  known  that 
changes  can  occur  in  other  planes.  The  present 
study  differs  from  others  in  as  much  as  it  evaluates 
a  large  number  of  variables  in  an  attempt  to 
determine  their  relative  effects  on  eruption. 
It  also  investigates  some  of  the  spontaneous 
changes  that  occur  during  migration  and  eruption. 

MATERIALS  AND  METHOD 

Two  methods  were  used.  The  first  was  a  non- 
parametric  survey  to  determine  the  anatomical 
variations  associated  with  delayed  eruption  and 
their  effects  on  the  period  of  migration  to  erup¬ 
tion.  The  second  was  a  parametric  analysis  of 
serial  occlusal  radiographs  to  determine  more 
specifically  some  of  the  changes  in  tooth  position 
during  eruption. 

The  sample  consisted  of  a  series  of  cases  where 
central  incisors  were  associated  with  a  super¬ 
numerary.  These  were  obtained  from  the  records 
of  over  7000  consecutive  patients  examined  in 
four  North-east  Metropolitan  Regional  Ortho¬ 
dontic  Departments  during  the  period  1960-7. 
The  use  of  this  type  of  case  enabled  both  super¬ 
numerary  and  anatomical  features  to  be  examined 
in  relation  to  incisor  eruption.  Data  were 
obtained  from  the  records  of  165  cases  and  a 
method  of  subjective  grading  was  employed  to 
determine  certain  features  using  clinical  and 
surgical  notes,  lateral  oblique,  anterior  occlusal, 
intra-oral,  and  true  lateral  radiographs,  and 
study  models. 

The  data  were  recorded  on  a  questionnaire 
basis  where  each  question  related  to  a  group  of 
variable  features.  Double  determination  was  used 
in  the  examination  and  where  discrepancies 
occurred  further  examinations  were  made  until 
two  consecutive  similar  findings  were  obtained. 

By  using  the  maxillary  midline  suture  as  a 
radiographic  landmark  it  was  possible  to  record 
separately  data  for  right  and  left  central  incisors 
in  each  case.  In  this  way  not  only  were  the 


number  of  variables  reduced  to  manageable 
proportions  but  also  three  comparative  groups 
were  formulated  to  determine  the  features 
associated  with  the  unerupted  incisor: — 

Group  A.  Erupted  incisor  associated  with  a 
supernumerary. 

Group  B.  Erupted  incisor  not  assocated 
with  a  supernumerary. 

Group  C.  Unerupted  incisor. 


vs  ^ 

V4  I 

V3  1 

L Li 
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V1  /  / 
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LAB  1 A  U  NORM  All 

PALATAL 

Fig.  1 — Relationships.  V,  Full  incisor  erup¬ 
tion.  Vi,  Partial  eruption.  V2,  V3,  V4,  Thirds  of 

the  normal  incisor  root  position.  V5,  Apex  of 

incisor. 

A  total  of  45  features  with  197  variable  features 
were  recorded  twice  for  each  group  to  give  330 
sets  of  data  for  analysis,  and  both  the  groups 
and  features  were  numbered  progressively.  The 
following  features  were  used  for  this  paper: — 

1.  Root  Structures 

a.  Root  formation 

Root  formation  was  related  to  whether  the 
apex  was  open  or  closed  as  seen  on  the  radio¬ 
graphs  and  also  whether  the  amount  of  root 
formation  on  the  incisor  was  normal  when 
compared  with  the  adjacent  teeth.  Where  the 
apex  was  open  on  a  tooth  associated  with  a 
supernumerary  it  was  important  to  ensure  that 
it  was  capable  of  later  forming  root  structure. 

b.  Root  morphology 

When  recording  data  about  root  morphology 
the  term  ‘  dilaceration  ’  was  avoided  and  varia¬ 
tions  were  expressed  in  simple  morphological 
terms. 

2.  Tooth  Position 

Recordings  were  made  in  each  plane  and  the 
relationships  used  are  shown  in  Fig.  1. 

a.  Labiopalatal 

Displacement  and  inclination  were  recorded 
together  in  one  group. 

b.  Vertical 

The  position  of  the  unerupted  incisor  was 
related  to  the  normal  incisor  position  by  dividing 
its  length.  Where  both  incisors  were  unerupted 


the  relationship  was  obtained  by  repositioning  a 
template. 

c.  Mesiodistal 

Bodily  displacement  and  inclination  were 
recorded  in  separate  groups  and  where  an  incisor 
was  displaced  and  tipped  the  degree  of  bodily 
displacement  was  obtained  by  mentally  upright- 
ing  the  tooth. 


Fig.  2. — Interpretation  of  occlusal  radiograph 
tracings.  AB,  Midline  maxillary  suture.  AC, 
long  axis  of  incisor.  BAC,  Angle  of  incisor  to 
midline.  AD,  Space  for  incisor  eruption  (mm.). 
WC,  Maximum  width  of  incisor  crown.  WR, 
Width  of  apical  third  incisor  root.  The  long  axis 
of  the  incisor  was  obtained  from  the  midpoints  of 
WC  and  WR.  The  correction  in  eruption  space 
=  AD-WC+9.  The  value  9  was  the  average 
incisor  width  in  millimetres.  In  bilateral  unerup¬ 
ted  Hi  cases,  point  A  was  taken  at  the  midline, 
and  in  unilateral  cases  at  the  mesial  margin  of 
the  erupted  central  incisor. 

3.  Crowding  and  Spacing 

Crowding  and  spacing  were  recorded  generally 
throughout  the  maxillary  arch  and  particularly 
in  the  labial  segment  where  loss  of  space  indicated 
that  the  distance  between  adjacent  erupted 
incisors  was  less  than  the  radiographic  width 
of  the  unerupted  incisor  crowns. 

4.  Age 

Ages  ranged  from  6\  to  14  years  and  these 
were  divided  into  two  groups  to  see  whether 
any  particular  features  differed  with  age. 

The  data  were  transferred  to  punch  tape  and  an 
Elliott  803  computer  was  programed  to  record 
the  total  distribution  of  each  feature  and  to  detect 
correlations  between  the  features  and  the  eruption 
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pattern.  A  progressive  numbering  system  enabled 
input  data  to  be  accurately  checked  during 
computer  programing  and  incorrectly  punched 
data  were  thereby  rejected.  The  computer 
produced  arrays  of  associated  features  which, 
after  having  been  examined  visually,  were  tested 
statistically  for  any  significance  of  association,  us¬ 
ing  the  x2  test  on  the  basis  of  the  null  hypothesis 
and  incorporating  Yates’  (1934)  correction  for 
the  smaller  binomial  distributions. 


Table  I. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  of  Root  Formation  with  Incisor 
Eruption  Groups 


Root  Apex 

Incisor  Eruption  Group 

A 

B 

C 

Total 

Open  normal 

45 

42 

37 

124 

Closed  normal 

68 

70 

26 

164 

Open  reduced 

6 

1 

25 

32 

Closed  defective 

2 

2 

6 

10 

Open  normal 

45 

— 

37 

82 

Open  reduced 

6 

— 

25 

31 

Total 

51 

— 

62 

113 

2x2  arrangement  for  x2  test. 


Analysis  of  Occlusal  Radiographs 

Changes  in  the  mesiodistal  position  were 
analysed  during  the  migration  and  eruption 
period  from  serial  tracings  of  standardized 
occlusal  radiographs.  These  were  obtained 
from  28  incisors  (20  cases)  where  X-rays  were 
taken  at  6-monthly  intervals  after  removal  of  the 
supernumerary  using  the  following  technique. 

An  occlusal  film  was  held  gently  between  the 
teeth  of  a  patient,  who  was  seated  upright  in  a 
dental  chair.  The  head  was  adjusted  until  the 
film  was  lined  with  markers.  The  tube  was 
placed  1  cm.  above  the  bridge  of  the  nose  at  an 
angle  of  75°  (Ingram,  1950),  and  an  exposure  of 
0-5-second  13  MA.  60  kV.  was  given.  The  patient 
was  protected  throughout  with  a  plastoled  apron. 

Each  radiograph  was  traced  twice  and  the 
landmarks,  planes,  and  angles  that  were  examined 
are  shown  in  Fig.  2.  The  angle  between  the 
maxillary  midline  and  the  long  axis  of  the  un¬ 
erupted  incisor  was  measured,  together  with 
incisor  width  and  eruption  space.  A  correction 
was  made  in  the  eruption  space  to  account  for 
variations  in  the  width  of  the  unerupted  incisor 
crowns. 

The  reliability  of  the  tracing  method  was 
tested  by  calculating  the  standard  error  of  the 
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difference  between  measurements  from  the  first 
and  second  tracings,  using  the  method  of 
Moroney  (1951).  These  were  tested  for  statistical 
significance  with  Student’s  t  test.  As  no  signifi¬ 
cance  could  be  found  and  all  the  measurements 
fell  within  2  standard  errors  the  reliability  of  the 
tracing  method  was  established. 

The  reliability  of  the  radiographic  technique 
was  tested  by  tracings  of  2  occlusal  radiographs 
taken  on  separate  occasions  from  10  randomly 


Table  II. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  of  Root  Formation  with  Incisor 
Eruption  Groups 


Incisor  Root 
Morphology 

Incisor  Eruption  Group 

A 

B 

C 

Total 

Normal  limits 

108 

103 

62 

273 

Curved 

4 

7 

11 

22 

Apex  curved 

3 

0 

10 

13 

Defective 

6 

5 

11 

22 

Normal  limits 

108 

— 

62 

170 

Curved  and  defective 

13 

— 

32 

45 

Total 

121 

— 

94 

215 

2x2  arrangement  for  x2  test. 


chosen  adults.  The  standard  error  between  the 
measurements  of  first  and  second  radiographs 
were  calculated  as  described  above.  As  these 
also  fell  within  2  standard  errors  of  the  tracing 
method  the  reliability  of  the  technique  was 
established. 

RESULTS 

Correlation  of  Groups  of  Anatomical  Features  and 
Eruption  State 

1.  Root  Structures 

a.  Root  formation 

Both  complete  and  incomplete  root  structures 
were  found  on  unerupted  incisors.  One  radio- 
graphic  feature  particularly  associated  with  the 
unerupted  incisor  was  that  of  a  relatively  reduced 
root  formation  when  the  incisor  apex  was  open. 
There  was  an  association  between  reduced  root 
formation  and  the  unerupted  incisor  (x2  =  H'3, 
which  is  significant  at  the  0-1  per  cent  level; 
Table  I). 

b.  Root  morphology 

Root  curvature  and  defective  root  morphology 
were  significantly  associated  with  the  unerupted 


incisor  (x2  =  lL0,  which  is  significant  at  the 
01  per  cent  level;  Table  II). 

2.  Displacement  and  Inclination 

a.  Labiopalatal 

Labial  displacement  and  labial  inclination 
were  significantly  associated  with  the  unerupted 
incisor  (x2  =  60-2,  which  is  significant  at  the 
0-1  per  cent  level;  Table  III). 


Table  III. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  of  Incisor  Position  and  Inclination 
with  Incisor  Eruption  Groups 


Incisor  Position 
and  Inclination 

Incisor  Eruption  Group 

A 

B 

C 

Total 

Labial + 

13 

0 

18 

31 

Labial 

28 

7 

59 

94 

Normal  limits 

69 

102 

15 

186 

Palatal 

11 

6 

2 

19 

Labial  +  and  labial 

41 

— 

77 

118 

Normal  and  palatal 

80 

— 

17 

97 

Total 

121 

— 

94 

215 

2x2  arrangement  for  x2  test. 


Table  IV. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  of  Incisor  Position  with  Incisor 
Eruption  Groups 


Incisor  Position 

Incisor  Eruption  Group 

A 

B 

C 

Total 

Mesial 

3 

2 

6 

11 

Normal  limits 

59 

106 

23 

188 

Distal 

59 

7 

65 

131 

Mesial  and  distal 

62 

— 

71 

133 

Normal  limits 

59 

— 

23 

82 

Total 

121 

— 

94 

215 

2x2  arrangement  for  x2  test. 


b.  Mesiodistal  (< displacement ) 

Bodily  displacements,  both  mesial  and  distal, 
occurred  in  association  with  the  unerupted 
incisor.  These  were  most  frequently  distal  and 
were  significantly  associated  with  the  unerupted 
incisor  (x2  =  12-86,  which  is  significant  at  the 
0T  per  cent  level;  Table  IV). 


c.  Mesiodistal  ( inclination ) 

Both  mesial  and  distal  inclinations  were  signifi¬ 
cantly  associated  with  the  unerupted  incisor 
(x2  =  llT,  which  is  significant  at  the  0T  per  cent 
level;  Table  V). 

d.  Vertical 

The  height  of  the  crown  of  the  unerupted 
incisor  varied,  but  positions  above  V4  were  rare, 


Table  V. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  for  Incisor  Inclination  with  Incisor 
Eruption  Groups 


Incisor  Inclination 

Incisor  Eruption  Group 

A 

B 

C 

Total 

Mesial 

41 

24 

56 

121 

Normal  limits 

49 

82 

18 

149 

Distal 

31 

9 

20 

60 

Mesial  and  distal 

72 

— 

76 

148 

Normal  limits 

49 

— 

18 

67 

Total 

121 

— 

94 

215 

2x2  arrangement  for  x2  test. 


the  majority  occurring  between  V2  and  V3. 
Variations  in  incisor  height  showed  no  significant 
change  with  age  (x2=2-5,  which  is  not  signifi¬ 
cant). 

e.  Rotations 

Rotations  occurred  with  both  erupted  and 
unerupted  incisors.  These  were  not  significantly 
associated  with  the  unerupted  incisors  but  there 
was  a  significant  association  with  the  erupted 
incisor  in  group  B  (x2=4*5,  which  is  significant 
at  the  5  per  cent  level). 

3.  Crowding  and  Spacing 

a.  Crowding  of  dental  arches 

Though  crowding  often  occurred  when  the 
incisor  was  unerupted  no  significant  association 
could  be  found. 

b.  Loss  of  space 

Loss  of  space  for  incisor  eruption  was  signifi¬ 
cantly  associated  with  the  unerupted  incisor 
(^2=80-9,  which  is  significant  at  the  0T  per  cent 
level). 

Correlation  of  Features  associated  with  Delayed 
Eruption  and  the  Period  of  Migration  to  Eruption 

Cases  were  used  where  treatment  had  been 
followed  for  at  least  2  years.  After  excluding 
cases  who  had  been  under  treatment  for  a  shorter 
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period  of  time  and  cases  where  either  treatment 
was  discontinued  or  the  incisor  was  removed,  a 
total  of  68  incisors  remained  in  this  section.  The 
analysis  was  made  by  correlating  the  group  of 
incisors  where  eruption  had  occurred  in  1  year 
with  those  where  eruption  had  occurred  in  over 
1  year.  A  reassessment  of  the  space  for  eruption 
was  made  at  the  1-year  stage. 


Table  VI. — Computer  Arrangements  and  x2  Corre¬ 
lation  Test  for  Root  Morphology  with 
Migration  Period  to  Eruption 


Migration  Period  to  Eruption* 


RUU  1 

Morphology 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Normal  limits 

21 

14 

3 

7 

4 

49 

Curved 

2 

3 

2 

1 

1 

9 

Apex  curved 

3 

1 

0 

2 

1 

7 

Defective 

1 

1 

0 

1 

0 

3 

Normal  limits 

21 

28 

49 

Curved  and 
defective 

6 

13 

19 

Total 

27 

41 

68 

2x2  arrangement  for  x2  test. 

*  E= Exposure  aftei  1  year.  F.E.  =  Failure  of 
eruption. 


Table  VII. — Computer  Arrangements  and  x 2  Corre¬ 
lation  Test  for  Incisor  Position  and  Inclination 
with  Migration  Period  to  Eruption 


Incisor 
Position  and 
Inclination 

Migration  Period  to  Eruption 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Labial + 

4 

4 

2 

4 

2 

16 

Labial 

13 

13 

2 

7 

4 

39 

Normal  limits 

8 

2 

1 

0 

0 

11 

Palatal 

2 

0 

0 

0 

0 

2 

Labial  + 
and  labial 

17 

38 

55 

Normal  and 
palatal 

10 

3 

13 

Total 

27 

41 

68 

2x2  arrangement  for  x2  test. 
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1.  Root  Structures 

a.  Root  formation 

The  period  of  migration  to  eruption  was  not 
significantly  affected  by  the  amount  of  root 
formation  (x 2 =0-06,  which  is  not  significant). 

b.  Root  morphology 

Though  there  was  a  tendency  for  curvatures  to 
occur  slightly  more  frequently  in  groups  with  a 
longer  migration  period,  the  period  of  migration 
was  not  significantly  associated  with  variations 
in  root  morphology  (x2=0-52,  which  is  not 
significant;  Table  VI). 

2.  Displacement  and  Inclination 

a.  Labiopalatal 

A  longer  period  of  migration  to  eruption  was 
associated  with  labial  displacement  and  inclina¬ 
tion  (x2=8-5,  which  is  significant  at  the  1  per  cent 
level;  Table  VII). 

b.  Mesiodistal  ( displacement ) 

A  longer  period  of  migration  to  eruption  was 
associated  with  mesial  and  distal  displacement 


Table  VIII. — Computer  Arrangements  and  x  2  Corre¬ 
lation  Test  for  Incisor  Position  with  Migration 
Period  to  Eruption 


Migration  Period  to  Eruption 


1INUSUK 

Position 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Mesial 

1 

1 

1 

0 

0 

3 

Normal  limits 

12 

2 

1 

2 

1 

18 

Distal 

14 

16 

3 

9 

5 

47 

Mesial  and 
distal 

15 

35 

50 

Normal  limits 

12 

6 

18 

Total 

27 

41 

68 

2+2  arrangement  for  x2  test. 


(x2  =  5-97,  which  is  significant  at  the  5  per  cent 
level;  Table  VIII). 

c.  Mesiodistal  ( inclination ) 

A  longer  period  of  migration  to  eruption  was 
associated  with  mesial  and  distal  inclinations 
(x2  =  13-2,  which  is  significant  at  the  0T  per  cent 
level;  Table  IX). 

d.  Vertical 

The  period  of  migration  to  eruption  was 
associated  with  the  degree  of  vertical  displace¬ 
ment.  The  more  deeply  placed  incisors  erupted 


later  than  those  more  superficially  placed  (x2  = 
13-92,  which  is  significant  at  the  0-1  per  cent 
level;  Table  X). 

3.  Space  for  Eruption 

The  period  of  migration  to  eruption  was  affec¬ 
ted  by  the  space  between  adjacent  erupted 


Spontaneous  Changes  in  the  Incisor  Position  during 
Migration  and  Eruption 

1.  Labiopalatal 

Changes  in  labiopalatal  position  were  investi¬ 
gated  by  correlating  the  original  displacement 
with  the  alinement  on  eruption,  and  this  was 
then  related  to  the  space  for  eruption. 


Table  IX. — Computer  Arrangements  and  x2  Cor¬ 
relation  Test  for  Incisor  Inclination  with 
Migration  Period  to  Eruption 


Table  XI. — Computer  Arrangements  and  x2  Cor¬ 
relation  Test  for  Space  for  Eruption  with 
Migration  Period  to  Eruption 


Migration  Period  to  Eruption 


lINCISUK 

Inclination 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Mesial 

9 

11 

3 

10 

5 

38 

Normal  limits 

12 

3 

0 

0 

0 

15 

Distal 

6 

5 

2 

1 

1 

15 

Mesial  and 
distal 

15 

38 

53 

Normal  limits 

12 

3 

15 

Total 

27 

41 

68 

2x2  arrangement  for  x2  test. 


Table  X. — Computer  Arrangements  and  x2  Cor¬ 
relation  Test  for  Incisor  Position  with  Migration 
Period  to  Eruption 


Migration  Period  to  Eruption 


Position 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Vx 

3 

0 

0 

0 

0 

3 

v2 

20 

10 

0 

3 

1 

34 

V3 

4 

7 

4 

6 

5 

26 

V4 

0 

2 

1 

2 

0 

5 

Vx-V* 

23 

14 

37 

V3-V4 

4 

27 

31 

Total 

27 

41 

68 

2x2  arrangement  for  x2  test. 


Migration  Period  to  Eruption 


oPACE FOR 

Eruption 

1 

year 

1-2 

year 

+2 

year 

E 

F.E. 

Total 

Ample  space 

7 

6 

0 

1 

0 

14 

Adequate 

space 

20 

10 

1 

3 

1 

35 

Inadequate 

space 

0 

3 

4 

7 

5 

19 

Ample  and 
adequate 

27 

22 

49 

Inadequate 

0 

19 

19 

Total 

27 

41 

68 

2x2  arrangement  for  x2  test. 


Table  XII. — Computer  Arrangements  and  x2  Cor¬ 
relation  Test  for  Space  for  Eruption  with 
Changes  in  Labiopalatal  Position 


Space  for  Eruption 


Changes  in 
Labiopalatal  Position* 


S.A. 

S.I. 

N.I. 

Total 

Ample  space 

6 

4 

0 

10 

Adequate  space 

11 

11 

4 

26 

Inadequate  space 

0 

6 

7 

13 

Ample  and  adequate 

32 

4 

36 

Inadequate 

6 

7 

13 

Total 

38 

11 

49 

2x2  arrangement  for  x2  test. 

*  S.A.  =  Spontaneous  alinement.  S.I.  =  Some  im¬ 
provement.  N.I.  =  No  improvement. 


incisors.  When  this  was  ample,  eruption  occurred 
earlier  than  when  it  was  inadequate  (x2  =  15-91, 
which  is  significant  at  the  0-1  per  cent  level; 
Table  XI). 


The  labially  placed  incisor  improved  spon¬ 
taneously  during  the  period  of  migration  to 
eruption.  This  was  significant  in  cases  where 
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space  was  either  adequate  or  ample  (x 2 = 8  *  1 , 
which  is  significant  at  the  1  per  cent  level; 
Table  XII). 

2.  Mesiodistal 

Changes  in  angulation  occurred  in  nearly  all 
cases  during  migration,  uprighting  being  more 
evident  when  the  space  for  eruption  was  greater 
than  the  width  of  the  incisor  crown.  The  changes 
in  angulation  between  the  initial  and  yearly 
radiographs  were  plotted  against  the  space  for 
eruption  shown  on  the  yearly  radiograph  in  the 


form  of  a  scatter  diagram  {Fig.  3).  A  relationship 
was  found  between  changes  in  angulation  and 
space  for  eruption,  and  this  was  tested  for  signifi¬ 
cance  by  dividing  the  results  into  two  arbitrary 
groups.  The  changes  in  angulation  in  a  low-space 
group  A  where  the  space  for  eruption  was  9  mm. 
or  less  were  compared  with  a  larger  space  group 
B,  using  Student’s  t  test,  and  were  found  to  be 
significant  at  the  OT  per  cent  level  (£=4-3). 

Finally,  the  changes  in  tooth  position  from 
the  series  of  radiographs  of  each  case  were 
recorded  by  superimposition  tracings  using  the 


Angle 
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10-0  — 


-  50— 


70 


~r 
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Space  for  eruption  —  mm‘s 


150 


+  50- 


A 


B 


+  100— 1  • 

Fig.  3. — Scatter  diagram  of  the  relationship 
between  change  in  incisor  angulation  and  the 
corrected  eruption  space.  Values  in  A  and  B 
correspond  to  the  two  groups  which  were  tested 
statistically  for  the  significance  of  association 
between  these  features. 


Fig.  4. — Postero-anterior  radiograph  of  the 
skull  of  a  boy  aged  9  years  2  months,  showing  a 
relatively  reduced  root  formation  on  |i  with  a 
raised  floor  of  the  left  nasal  cavity. 


Fig.  5. — Occlusal  radiographs  of  a  girl  in  whom  spontaneous  eruption  and  alinement  of  |i  occurred  in 
the  presence  of  root  curvature.  A,  Aged  8  years  5  months,  before  removal  of  the  supernumerary  and 
extraction  of  cbibbc.  b,  Aged  9  years  11  months,  showing  that  spontaneous  eruption  and  alinement  of 
|i  has  occurred. 
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maxillary  midline  and  erupted  incisal  edges  as 
fixed  points.  These  indicated  that  where  the 
displaced  incisor  was  inclined  either  mesially  or 
distally  the  eruption  path  was  not  straight  but 
curved. 


DISCUSSION 

Any  evaluation  of  the  findings  must  be  related 
to  the  limitations  of  radiographic  interpretation. 


A 


play  little  part,  and  crowding  of  the  dental 
arches,  though  not  significantly  associated  with 
delayed  eruption,  has  considerable  impor¬ 
tance  on  the  subsequent  migration  and  eruption 
pattern. 

The  distribution  of  features  that  occurred 
during  correlations  suggests  that  although  a 
variety  of  features  are  significantly  associated 
with  failure  of  eruption,  the  overall  effect  in  any 
case  is  a  combination  of  these. 


B 


Fig.  6. — A  girl  in  whom  spontaneous  eruption  and  alinement  occurred  following  the  removal  of  super¬ 
numeraries,  the  extraction  of  QC,  and  movement  of  2j2  distally.  Occlusal  radiographs :  (A)  at  the  age  of 
8  years  2  months,  before  removal  of  the  supernumeraries;  (B)  at  9  years  4  months,  showing  the  eruption  of  i| ; 
(C)  4  years  after  eruption  of  fit,  with  slight  displacement  of  JJ  apex.  D,  Photograph  of  the  alinement  of 
21fi2  at  14  years  2  months. 


The  occlusal  view,  though  standardized,  produces 
only  a  75°  image,  and  the  changes  in  root  length 
which  occur  as  the  tooth  changes  position  cannot 
be  accurately  assessed. 

The  results  do  show,  however,  that  certain 
anatomical  features  are  distinctly  associated  with 
delayed  eruption  and  that  they  are  mainly 
localized  to  the  unerupted  incisor  and  adjacent 
structures.  General  features  such  as  Angle’s 
type  of  malocclusion  and  dental  base  appear  to 


The  Root  Structures 

Both  complete  and  incomplete  roots  were 
found  on  the  unerupted  incisors  but  any  significant 
effect  on  the  eruption  period  was  not  proved. 
One  feature  which  did  appear  was  the  tendency 
for  unerupted  incisor  roots  with  open  apices  to 
have  a  relatively  reduced  formation.  This  was 
also  noted  by  Day  (1946)  and  could  be  an  indica¬ 
tion  of  the  limiting  effects  of  the  skeletal  frame¬ 
work  on  root  formation  (Fig.  4). 
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Varying  degrees  of  root  curvature  and  blunted 
root  structures  were  associated  with  the  unerup¬ 
ted  incisor.  However,  their  effects  on  the  eruption 
period  appeared  to  be  negligible.  In  fact,  both 
eruption  and  spontaneous  alinement  could  occur 
in  the  presence  of  marked  curvatures  {Fig.  5). 

These  findings,  though  contrary  to  some  of  the 
accepted  views,  do  indicate  further  the  possible 
secondary  role  of  root  structures  on  the  eruptive 
processes. 


C 


Fig.  7. — A  boy  with  unerupted  t|.  Occlusal 
radiographs:  (A)  at  the  age  of  7  years  10  months, 
before  removal  of  the  supernumeraries;  (B)  at 
8  years  10  months,  with  loss  of  space  and  increase 
in  angulation  of  JJ;  (C)  at  10  years  5  months, 
showing  spontaneous  eruption  and  alinement  of 
!|  following  the  creation  of  space.  D,  Intra-oral 
photographs  showing  the  diastema  of  fit  at 
10  years  5  months  {left)  and  at  11  years  4  months 
{right).  E,  Tracings  from  (B)  and  (C). 

Tooth  Displacement 

Displacement  and  inclinations  which  were 
associated  with  failure  of  eruption  at  the  highly 
significant  01  per  cent  level  were  far  more  vari¬ 
able  when  correlated  with  the  period  of  migration 
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to  eruption.  The  significance  of  labial  displace¬ 
ment  and  inclination  was  reduced  at  the  1  per 
cent  level,  whilst  mesiodistal  displacement  was 
significant  at  only  the  5  per  cent  level.  It  could 
be  that  bodily  displacement  mesiodistally  has 
less  influence  on  eruption  than  other  types  of 
displacement.  Inclination  mesiodistally,  however, 
remained  at  the  highly  significant  0T  per  cent 
level,  and  when  accompanied  by  displacement 
of  both  crown  and  apex  gave  rise  to  angular 


B 
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impactions  with  adjacent  teeth.  If  it  is  accepted 
that  the  greatest  eruptive  force  is  axial,  then  any 
abnormality  in  the  inclination  of  a  tooth  during 
development  could  be  of  great  significance  in 
contributing  to  delayed  eruption. 


The  degree  of  vertical  displacement,  as  might 
logically  be  expected,  was  directly  related  to  the 
length  of  the  eruption  period;  the  higher  the 
incisor  crown,  the  longer  its  eruption  period. 
As  tipping  of  the  incisor  was  often  found  when 
the  tooth  was  deeply  situated  this  could  reflect 
the  importance  of  inclination  on  vertical  develop¬ 
ment. 


took  place  (Figs.  7,  8),  whilst  in  cases  where  space 
loss  continued  the  angulation  occasionally 
increased  (Fig.  9).  Movement  appeared  to  occur 
initially  at  the  apical  third  of  the  unerupted 
incisor  root  and  commenced  only  when  sufficient 
space  has  been  created.  The  space  required  could 
be  estimated  from  the  original  occluded  radio¬ 
graph  by  mentally  uprighting  the  unerupted 


Fig.  8. — A  girl  with  an  unerupted  |h  Occlusal  radiographs:  (A)  at  the  age  of  12  years  7  months,  after 
removal  of  the  supernumerary;  (B)  at  13  years  11  months,  at  the  time  when  |i  had  penetrated  the  mucosa, 
showing  considerable  decrease  in  the  angulation  of  |h  C,  Study  model  taken  at  14  years  8  months.  D,  Trac¬ 
ings  from  (A)  and  (B). 


Space  for  Eruption  and  Changes  in  Incisor  Position 

Loss  of  space  for  the  unerupted  incisor, 
whether  due  to  crowding  or  to  drifting  of  the 
adjacent  teeth,  was  significantly  associated 
with  a  longer  eruption  period,  and  in  cases 
where  space  was  not  created,  spontaneous 
eruption  rarely  occurred.  Though  earlier  eruption 
tended  to  occur  where  displacements  were  slight, 
considerable  changes  could  occur  in  the  presence 
of  marked  displacement  and  inclination  (Fig.  6)  if 
sufficient  space  was  created.  The  importance  of 
this  is  seen  from  the  relationship  between  space 
and  change  in  angulation  (Fig.  3).  In  cases 
where  space  was  ample,  uprighting  of  the  incisor 


incisor  about  its  apical  third.  The  distance  the 
crown  travelled  indicated  how  much  more  space 
than  the  crown  width  was  necessary.  Once 
uprighting  had  commenced  it  seemed  to  continue 
in  the  absence  of  the  guiding  influence  of  adjacent 
teeth;  a  mesially  inclined  incisor,  for  example, 
would  often  erupt  with  a  midline  diastema 
(Figs.  7D,  8). 

Superimposition  tracings  of  serial  radiographs 
showed  that  the  mesiodistal  paths  during  incisor 
migration  and  eruption  varied.  Where  the  incisor 
was  initially  upright  a  straight  path  was  followed, 
but  where  it  was  either  mesially  or  distally 
inclined  the  eruption  path  was  more  curved 
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(Fig.  10).  Though  little  movement  of  the  incisor 
apex  in  this  plane  took  place  initially  it  did  tend 
to  migrate  later.  However,  in  some  cases  studied 
over  a  period  where  the  incisor  had  been  fully 


A 


Labiopalatal  displacements  and  inclinations 
also  improved  spontaneously  during  migration 
(Fig.  11),  but  as  the  results  of  these  were  limited 
to  subjective  appraisal  further  investigation  is 
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Fig.  9. — A  boy  with  unerupted  |h  Occlusal  radiographs :  (A)  at  the  age  of  9  years  10  months,  after  removal 
of  the  supernumerary;  (B)  at  10  years  10  months,  showing  loss  of  eruption  space  and  increase  in  the  angu¬ 
lation  of  |i;  (C)  at  13  years  2  months,  showing  eruption  of  |!  following  the  creation  of  space.  D,  Tracings 
from  (A)  and  (B). 
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Fig.  10. — Superimposition  tracings  of  incisor 
migration  and  eruption  from  serial  occlusal  radio¬ 
graphs.  A,  Distal  inclination.  B,  Vertical.  C, 
Mesial  inclination. 

erupted  for  3  or  4  years,  some  displacement  of 
the  apex  could  often  be  detected  (Fig.  6C).  In 
certain  instances  this  displacement  appeared  as  an 
apical  curvature  when  root  formation  was 
completed. 
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necessary.  It  does  seem  that  spontaneous  im¬ 
provements  in  this  plane  are  not  so  marked  as  in 
the  mesiodistal  plane.  It  remains  to  be  seen  how 
these  findings  may  have  a  clinical  application. 

In  all  cases  treatment  was  aimed  at  the  creation 
of  space  and  it  is  encouraging  that  nearly  75  per 
cent  of  the  incisors  erupted  spontaneously.  In 
55  per  cent  of  cases  alinement  was  spontaneous 
and  34  per  cent  required  some  form  of  simple 
retraction.  Fixed  appliances  were  limited  to 
rotations  and  apical  displacements.  Rarely  was  it 
found  necessary  to  undertake  vertical  movement. 

Any  prediction  on  the  eruption  period  after 
removal  of  a  supernumerary  is  obviously  an 
important  aspect  of  treatment  planning.  It 
appears  to  rest  mainly  on  two  interdependent 
aspects  of  the  malocclusion;  the  first  is  the  type 


and  degree  of  displacement  and  the  second  is  the 
space  available  to  allow  spontaneous  movement 
of  the  type  described  above.  If  these  factors  can 
be  controlled  then  incisor  eruption  should  occur 
within  a  period  of  1^  years.  Obviously  extremes 
of  displacement  can  greatly  increase  this  period. 

Removal  of  the  supernumerary  when  the 
incisor  is  unerupted  is  usually  advocated  in  the 
mixed  dentition  at  a  time  when  premolars  are 


graded  variables  programmed  through  a  computer 
enabled  features  associated  with  eruption  to  be 
determined  and  their  relative  effects  on  eruption 
to  be  analysed. 

Complete  or  incomplete,  curved  or  blunted 
roots,  though  found  on  the  unerupted  incisor, 
did  not  significantly  effect  the  eruption  period. 

Displacements  and  inclinations  which  were 
associated  with  the  unerupted  incisor  at  a  highly 


A  B 

Fig.  11. — A  boy  with  an  unerupted  |L  A,  Lateral  radiograph  at  10  years,  showing  labial  displacement 
of  |I.  B,  Intra-oral  photograph  at  131  years  following  spontaneous  movement  palatally  of  |I  after  the 
creation  of  space.  (The  crown  of  the  incisor  was  exposed  by  a  line  incisor  at  1 II  years.) 


still  unerupted.  In  the  majority  of  cases  it  is 
possible  with  simple  appliances  to  create  sufficient 
space  at  this  stage  by  the  removal  of  primary 
canines.  In  some  cases,  however,  where  more 
marked  crowding  is  present  the  position  of  the 
unerupted  permanent  canine  and  premolars  will 
prevent  this  and  eruption  fails  to  occur.  It  might 
be  possible  in  such  cases  to  delay  the  surgery, 
until  the  premolars  could  be  removed.  To 
substantiate  this  suggestion  it  was  found  that  no 
significant  difference  existed  in  the  eruption 
periods  of  the  under- 10  and  the  over- 10  years 
age-groups.  Furthermore,  there  was  no  statistical 
evidence  that  the  degree  of  displacement  of  the 
incisor  became  worse  in  the  older  age-groups. 

Finally,  on  the  subject  of  surgical  exposure  of 
the  incisor  at  the  time  when  the  supernumerary 
is  removed:  in  the  absence  of  sufficient  space  for 
eruption  and  a  period  to  allow  spontaneous 
migration  it  is  felt  hardly  justifiable.  Later  when 
the  incisor  becomes  lodged  on  the  superficial  soft 
tissues  its  simple  exposure  often  hastens  eruption 
without  adverse  effect  on  the  gingival  attachment. 

SUMMARY 

A  method  of  investigating  the  relative  effects 
of  anatomical  features  on  eruption  has  been 
described.  The  use  of  a  large  number  of  subjectively 


significant  level  had  a  more  varied  effect  on  the 
period  of  eruption.  Whilst  bodily  displacement 
was  the  least  significant,  mesiodistal  inclination 
and  vertical  displacement  were  the  most  signifi¬ 
cant  features. 

Though  crowding  in  the  dental  arches  was  not 
significantly  associated  with  the  unerupted  incisor 
the  effects  of  space  for  eruption  were  paramount, 
not  only  on  the  period  of  eruption  but  also  on  the 
degree  of  spontaneous  improvement. 

A  study  of  standardized  occlusal  radiographs 
indicated  that  in  the  presence  of  sufficient  space 
spontaneous  improvements  of  the  incisor 
occurred  during  both  migration  and  eruption. 
The  most  significant  improvement  was  a  change 
in  the  axial  inclination  which  occurred  initially 
about  the  apical  third  of  the  incisor  root.  The 
eruption  path  obtained  in  such  cases  was  of  a 
curved  nature,  with  a  relatively  slower  movement 
of  the  root  apex  to  the  erupting  crown. 
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CLASS  II,  DIVISION  2  INCISOR 
RELATIONSHIP:  CAN  IT  BE  AVOIDED? 

A  REPORT  ON  AN  INTERCEPTIVE  TREATMENT 
ILLUSTRATING  ITS  DEVELOPMENT  AND 
SUBSEQUENT  CORRECTION 

G.  H.  STEEL,  M.D.S.  (Dunelm),  F.D.S.,  D.Orth.  R.C.S. 

The  Dental  School,  University  of  Newcastle  upon  Tyne 


This  report  is  based  on  photographs  taken  of  the 
dentition  of  a  child  between  the  ages  of  5  and  1 1  \ 
years.  They  illustrate  the  child’s  deciduous 
incisors,  their  exfoliation,  and  the  eruption  of  the 
permanent  incisors. 

CASE  REPORT 

The  patient,  a  boy  of  8^  years  of  age  had  a  Class  II, 
division  2  type  incisor  relationship  (Fig.  ID)  in  that 
the  upper  incisors  were  displaced  labially  in  relation 
to  the  central  incisors  which  were  in  a  virtually  normal 
occlusion.  At  this  stage  of  development  the  lateral 
incisors  were  only  partially  erupted,  having  not  yet 
reached  their  fully  displaced  position  and  their  incisal 
edges  were  as  yet  not  lying  outside  the  lower  lip. 

This  patient  had  been  seen  3|  years  previously  at  the 
age  of  5  when  he  was  observed  to  have  a  virtually 
normal  occlusion  of  his  deciduous  incisors  (Fig.  1A) 
with  little  or  no  spacing  present  between  these  teeth. 
One  year  later  at  age  6  years  he  had  erupted  his 
permanent  lower  central  incisors,  but  still  had  no 
spacing  between  his  deciduous  upper  incisors.  By  the 
age  of  7  years  (Fig.  1 B)  his  permanent  upper  central 
incisors  were  erupted.  One  year  later  (Fig.  1C)  his 
deciduous  upper  lateral  incisors  had  exfoliated  and 
the  permanent  lateral  incisors  could  be  observed  to  be 
lying  quite  superficially  under  the  mucosa  in  a  labially 
displaced  position.  A  radiograph  (Fig.  2)  taken  at  this 
stage  illustrates  the  relatively  mild  extent  to  which  the 
laterals  are  short  of  space — in  that  they  are  overlap¬ 
ping  the  central  incisors  and  the  mesial  curvature  of  the 
deciduous  canines  is  encroaching  on  the  lateral 
incisor  space.  Six  months  later  the  lateral  incisors 
had  erupted  into  the  Class  II,  division  2  position  as 
shown  in  Fig.  ID. 

Realizing  that  the  upper  lateral  incisors  were 
displaced  labially  and  were  being  deflected  further 
labially  by  the  closure  of  their  spaces  it  was  decided 
to  extract  the  deciduous  upper  canines.  As  the  incisal 
tips  of  the  laterals  were  not  yet  lying  outside  the  lower 
lip  appliance  therapy  was  considered  unnecessary. 
Subsequently  as  the  lateral  incisors  continued  their 
active  eruption  they  came  to  occupy  a  normal  position 
inside  the  lower  lip. 


Two  and  a  half  years  later  the  upper  first  premolars 
had  erupted  (Fig.  3).  The  lateral  incisors  were  stable 
in  a  normal  relationship,  but  the  upper  canines  spaces 
were  not  adequate  and  the  canines  were  placed 
buccally. 

At  this  stage  the  upper  first  premolars  were 
extracted  and  subsequently  the  canines  commenced  to 
erupt  into  a  normal  position. 

This  case  report  illustrates  the  concept  of 
occlusal  care  which  has  been  described  by  various 
authors  as  serial  extraction  (Kjellgren,  1947), 
guidance  of  eruption  (Hotz,  1947,  1970),  and 
termed  by  others  as  ‘developmental  supervision’. 
It  requires  early  recognition  of  a  developing 
abnormality  and  its  interception  at  the  correct 
time.  As  applied  to  the  case  in  this  report  a 
warning  that  the  permanent  dentition  was  likely 
to  be  crowded  was  present  in  the  deciduous 
dentition  when  at  the  age  of  5  years  there  was  no 
spacing  present  between  the  deciduous  incisors. 
This  warning  was  more  positive  by  the  time  the 
lower  permanent  centrals  incisors  had  erupted, 
evidence  that  the  permanent  incisor  teeth  had 
commenced  their  eruptive  phase.  By  the  time  the 
deciduous  upper  lateral  incisors  had  exfoliated 
and  the  permanent  upper  lateral  incisors  com¬ 
menced  to  erupt  into  a  labially  displaced  position 
the  abnormality  was  only  too  obvious.  It  was 
now  time  to  intervene  before  the  lateral  incisors 
came  to  be  deflected  outside  the  lower  lip,  after 
which  appliance  therapy  would  be  required  to 
correct  their  position. 

In  Class  II,  division  2  cases  the  moulding 
action  of  the  lips  and  tongue  is  usually  favourable 
for  alinement  of  the  upper  incisor  teeth  inside  the 
lower  lip.  The  milder  examples  such  as  that 
illustrated  in  this  report  respond  well  to  inter- 
ceptive  care,  the  fully  developed  Class  II,  division 
2  incisor  relation  being  avoided.  Is  this  not  the 
ideal  manner  to  care  for  such  cases  ?  If  so,  such 
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Fig.  2. — Radiograph  taken  at  8  years  of  age 
following  exfoliation  of  BIB. 


Fig.  3. — Incisor  relationship  at  11  years  of  age. 


occlusal  care  is  in  the  hands  of  the  child’s  dentist. 
He  is  the  person  best  placed  to  observe  the  child’s 
developing  dentition,  to  take  heed  of  early 
warnings,  and  obtain  the  full  advantage  of 
interceptive  care. 
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USE  OF  SOME  ADHESIVES  IN 
ORTHODONTICS 
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H.  J.  WILSON,  M.Sc.  Tech.,  Ph.D.,  F.R.I.C. 

The  Dental  School,  University  of  Birmingham 

Misplaced  unerupted  teeth  can  present  consider¬ 
able  problems  in  orthodontic  treatment.  The 
teeth  most  commonly  involved  are  maxillary 
canines  and  one  form  of  treatment  is  to  expose 
them  surgically  and  move  them  into  their  correct 
position  by  orthodontic  appliances.  It  is  always 
essential  to  obtain  a  firm  attachment  to  the 
exposed  tooth,  and  a  variety  of  methods  have 
been  described  to  achieve  this.  A  lassoo  ligature 
was  one  of  the  earliest  means.  Hand-made  bands, 
preformed  bands,  cast  silver-alloy  caps,  inlays, 
and  dentine  screws  are  cemented  to  teeth  complete 
with  their  attachments.  The  main  disadvantages 
of  these  methods  are  their  bulk,  the  difficulty  of 
access  in  placing  them  and  the  problem  of  the 
fixed  site  of  the  attachment.  Dentine  screws  and 
inlays  also  mutilate  teeth  and  may  be  unsightly. 

A  very  useful  adhesive,  methyl  cyanoacrylate, 
known  as  Eastman  910,  has  been  available  for 
some  time  and  this  has  been  used  for  instant 
cementation  in  many  fields.  It  was,  therefore, 
decided  to  consider  this  adhesive  as  a  possibility 
for  securing  cast  orthodontic  attachments. 

Fairly  recently  an  ethyl  cyanoacrylate,  Perma- 
bond,  has  been  introduced  and  one  of  its 
recommended  uses  is  direct  cementation  of  ortho¬ 
dontic  brackets  to  enamel.  Some  concern, 
however,  has  been  expressed  in  the  literature 
regarding  the  possible  toxic  effects  of  both  these 
cyanoacrylates.  The  butyl  cyanoacrylate, 
Cyanodont,  is  considered  by  the  manufacturers 
to  be  non-toxic  and  this  adhesive  was  included  in 
a  short  trial  with  the  methyl  and  ethyl  cyano¬ 
acrylates.  It  must  be  emphasized  that  the 
manufacturers  have  so  far  only  recommended 
this  material  for  protection  of  mucosa  and 
wounds  following  oral  surgery.  In  addition,  the 
polycarboxylate  cement  Durelon  was  included 
in  the  trial.  This  cement,  which  was  developed 
by  Smith  (1968),  has  been  suggested  for  direct 
cementation  of  orthodontic  brackets. 

The  aim  of  this  research  was  to  compare  the 
effectiveness  of  these  four  materials  in  cementa¬ 
tion  of  attachments  direct  to  teeth.  Tests  were 
performed  using  extracted  teeth  in  the  laboratory. 


EXPERIMENTAL 

Materials 

Three  adhesives  were  chosen,  all  members  of 
the  cyanoacrylate  group  which  are  synthetic 
polymers  (alkyl  2-cyanoacrylates).  The  forms 
were;  butyl  (Cyanodont),  methyl  (Eastman  910) 
and  ethyl  (Permabond,  white  tube — quick  setting). 
They  are  low-viscosity  liquids  which  polymerize 
when  pressed  into  a  thin  film  between  two 
adherends.  Polymerization  takes  place  at  room 
temperature  without  addition  of  a  catalyst,  and 
adhesion  occurs  within  minutes.  However,  the 
Eastman  910  was  supplied  with  a  catalyst  and 
this  is  claimed  by  the  suppliers  to  produce  a  more 
uniform  polymerization.  The  manufacturers  of 
Permabond  state  that  ‘  small  amounts  of  moisture 
are  needed  to  activate  this  reaction’.  Both 
directions  were  followed  in  our  experiments. 

As  a  comparison,  a  carboxylate  cement 
(Durelon)  was  also  used,  details  of  which  are 
already  well  known.  The  liquid  used  was  that 
recommended  for  cementation  purposes. 

Twenty-four  maxillary  canines  extracted  for 
orthodontic  purposes  were  set  in  a  standard  block 
of  clear  acrylic  resin  reinforced  by  a  wire  driven 
through  the  root  so  that  only  the  labial  surfaces 
were  exposed.  Cast  silver-alloy  attachments  were 
made  to  each  tooth  consisting  of  a  circular  disk 
3  mm.  in  diameter  with  an  eyelet  included  at 
right  angles :  their  exact  position  on  the  tooth  was 
known  by  cutting  two  vertical  grooves  in  the  side 
of  the  acrylic  blocks  and  utilizing  a  jig  constructed 
in  two  halves.  The  two  halves  fitted  into  each 
other  and  through  the  eyelet.  The  jig  could  then 
locate  the  attachment  accurately  on  the  tooth. 

Method 

The  24  teeth  in  their  acrylic  resin  blocks  were 
divided  into  4  groups  applicable  to  the 4  materials. 
The  teeth  and  appropriate  disks  were  scrubbed 
with  pumice,  washed  with  pure  alcohol,  and  blown 
dry  with  compressed  air.  A  small  amount  of  each 
adhesive  was  placed  on  the  disk,  which  was 
supported  by  the  jig,  and  the  disk  pressed  into 
position.  Finger  pressure  was  applied  for  5 
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minutes.  For  the  cement,  an  exact  ratio  by 
weight  of  2  parts  of  powder  to  1  of  liquid,  was 
used.  Temperature  and  humidity  conditions  were 
controlled  at  21±1°C.  and  50±10  per  cent  R.H. 
The  bond  strengths  were  assessed  under  dry 
conditions  15  minutes  after  cementation.  The 
acrylic  resin  blocks  were  fixed  in  the  lower  jaws 
attached  to  the  cross-head  on  an  Instron  testing 
machine.  An  attachment  was  fixed  to  the  eyelet 
of  the  disk  and  also  to  the  upper  jaws,  which  in 
turn  was  connected  to  the  load  cell.  A  gradually 
increasing  force  was  applied  at  0  01  cm.  per  min. 
until  the  bond  failed,  this  force  being  measured 
on  a  chart. 

A  second  series  of  experiments  was  carried  out 
on  the  same  24  teeth,  this  time  using  conditions 
similar  to  that  which  would  occur  in  the  mouth. 
The  teeth  and  disks  were  cleaned  with  an  excava¬ 
tor,  pumice,  pure  alcohol,  and  blown  dry  again. 
The  attachments  were  fixed,  and  1 5  minutes  later 
the  assemblage  was  placed  in  N  saline  kept  at 
37°  C.  Twenty-four  hours  later  the  bond  strengths 
were  determined  and  results  compared  with  those 
obtained  under  dry  conditions. 

RESULTS  AND  DISCUSSION 

Summarizing  results  are  shown  in  Table  I. 
There  is  a  wide  range  of  results,  which  is  to  be 
expected  when  carrying  out  adhesion  tests  on 
small  samples.  The  mean  results  for  the  adhesives 
indicate  that  the  bond  strength  decreases  con¬ 
siderably  in  wet  conditions  whereas  the  bond 
strength  increased  in  the  case  of  Durelon.  The 
bond  strength  of  Cyanodont,  after  the  assemblage 
had  been  soaked  in  N  saline  for  24  hours,  was  very 
low,  indicating  that  moisture  affects  the  bond 
considerably.  In  view  of  the  poor  performance  of 
the  adhesive  further  long-term  tests  were  con¬ 
sidered  unnecessary.  Both  Eastman  910  and 
Permabond  showed  similar  results  under 
wet  conditions  and  since  they  are  also  con¬ 
sidered  toxic  their  use  in  orthodontics  appears 
limited. 

In  the  case  of  Durelon,  wet  strengths  are  higher 
because  the  material  has  aged  and  the  setting 
reaction  has  gone  further  to  completion.  Long¬ 
term  experiments,  both  in  the  laboratory  and  in 
the  mouth,  would  be  necessary  for  more  complete 
results,  but  the  work  of  Smith  (1968)  suggests 
these  are  satisfactory.  However,  his  work  with 


Misrahi  (1969)  was  performed  using  stainless 
steel,  which  will  produce  a  better  bond  than  with 
silver.  Clinical  work  has  not  always  confirmed 
this  view,  perhaps  because  of  the  necessity  to 
obtain  an  absolutely  clean  surface  on  the  tooth 
and  attachment,  which  is  difficult  clinically.  A 
further  paper  by  Misrahi  and  Smith  (1971) 


Table  I. — Bond  Strengths  between  Tooth  and 
Silver  Disk  for  Various  Adhesives 


Material 

Condition 

Range  (A) 

Mean  ( N ) 

Cyanodont 

(butyl) 

Dry 

52-81 

68 

Wet 

1-10 

6 

Durelon 

Dry 

11-21 

16 

Wet 

13-44 

27 

Eastman  910 
(methyl) 

Dry 

18-92 

50 

Wet 

1-16 

8 

Permabond 

(ethyl) 

Dry 

16-70 

45 

Wet 

1-17 

9 

emphasizes  this  problem.  It  was  noted  that  the 
bond  failed  between  the  silver  disk  and  Durelon 
whereas  in  the  case  of  the  cyanoacrylates  failure 
occurred  between  the  adhesive  and  tooth. 

If  the  bond  strengths  of  the  adhesives  had  been 
satisfactory  it  was  intended  to  investigate  them 
clinically,  particularly  on  surgically  exposed 
maxillary  canines.  Since  the  bond  strengths 
deteriorated  so  rapidly  under  wet  conditions,  it  is 
considered  that  the  cyanoacrylates  are  not 
satisfactory  under  oral  conditions. 
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THE  TREATMENT  OF  CLASS  II, 
DIVISION  I  MALOCCLUSION 

P.  H.  MORSE,  L.D.S.,  D.Orth.  R.C.S.  (Eng.),  F.D.S.  R.C.S.  (Edin.)* 
Senior  Registrar,  Eastman  Dental  Hospital London 


The  treatment  of  Class  II,  division  1  maloc¬ 
clusions  has  been  exhaustively  covered  in  the 
literature  but  I  feel  there  are  sufficient  points  of 
interest  in  the  case  to  be  described  to  justify  its 
presentation  and  detailed  description. 


CASE  REPORT 

G.E.,  a  boy  aged  13  years,  was  referred  by  an  experi¬ 
enced  orthodontist  because  the  fixed  appliances  felt  to 


Fig.  1. — Pre-treatment  photographs  with 


alined.  The  overjet  is  increased  to  13  mm.,  and  the 
overbite  is  increased  and  complete  to  the  palatal 
gingival  margin  of  21112  {Fig.  2).  The  first  molar 
relationship  is  a  full  unit  Class  II  on  the  left  {Fig.  2B) 
and  essentially  Class  I  on  the  right,  6|  having  moved 
forward  as  a  result  of  early  loss.  There  is  thus  insuffi¬ 
cient  room  for  unerupted  5I  {Fig.  2C).  The  El  is 

z:|/r  ' 

retained  and  mobile;  ^  are  filled,  with  buccal 
decalcification  on  6|6  and  lingual  decalcificaion  on 

_  #  n 

6|6.  The  2|  is  just  showing  through  but  —  have  not 


B 

the  lips  at  rest.  A,  Profile.  B,  Full  face. 


be  necessary  for  treatment  were  not  available  at  his 
practice  {Fig.  1). 

Diagnosis 

The  patient  has  a  moderate  Class  II  skeletal  pattern 
with  a  slightly  reduced  Frankfort-mandibular-plane 
angle  and  incompetent  lips.  The  upper  labial  segment 
is  markedly  proclined  and  a  little  spaced.  The  lower 
labial  segment  is  at  a  normal  inclination  and  well 


*  Present  address :  Consultant  Orthodontist,  Ortho¬ 
dontic  Unit,  Booth  Hall  Children’s  Hospital, 
Manchester  M9  2AA. 


erupted.  Radiographs  confirm  the  presence  of  all  the 
unerupted  teeth  developing,  including  the  third 
molars.  There  may  well  be  recurrent  caries  under  the 

fillings  in  {Fig.  3 A).  There  is  apparently  little 

bone  labial  to  the  upper  incisor  apices  {Fig.  3B). 

Treatment 

Since  |||  are  filled  and  carious  and  there  is  addi- 

o|o 

tional  decalcification,  these  teeth  have  a  poor  long¬ 
term  prognosis.  Therefore  it  was  decided  to  extract 
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Fig.  2. — Pre-treatment  study  models.  A,  Anterior  view  from  below  to  show  the  degrees  of  overjet  and 

overbite.  B,  Left  view.  C,  Right  view. 


A  B 

Fig.  3. — Pre-treatment  radiographs.  A,  Half  plate;  note  the  recurrent  caries  in  |j|.  B,  Lateral  skull; 

note  the  lack  of  bone  labial  to  the  upper  incisor  apices. 


G.E.  1  . 
SNA  85 


Fig.  4. — Tracing  of  the  original  lateral  skull 
radiograph.  Note  the  vertical  part  of  lower  lip 
is  arrowed. 


Fig.  5. — The  upper  removable  appliance  with 
cribs  51li5  and  palatal  canine  retractors. 
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gjl  and  to  bring  the  patient  back  again  in  3  months 

for  extraction  of  IK  and  appliance  therapy  (when  5| 
should  have  erupted  and  |7  should  be  erupting). 

Three  Months  Later 

Since  3|  shows  some  slight  decalcification  on  its 
labial  surface,  initial  treatment  should  consist  of  an 
upper  removable  appliance  to  retract  3|3,  incorporat¬ 
ing  an  anterior  bite  plane.  A  lower  fixed  appliance 


August ,  1969 

The  upper  removable  appliance  was  fitted  to  retract 
3|3  with  cribs  5|l15  as  shown  (Fig.  5).  The  anterior 
bite  plane  was  increased  by  cold-cure  addition  as 
treatment  progressed. 

October ,  1969 

The  lower  multiband  appliance  was  fitted  with 
Begg  bracket  attachments;  an  0-45  mm.  archwire  with 
traction  loops  mesial  to  313  was  pinned  in.  Lower 


A 

Fig.  6. — Post-treatment  photographs  with  the  lips  at  rest.  A,  Profile.  B,  Full  face. 


A  B  C 

Fig.  1. — Post-treatment  study  models.  A,  Anterior  view.  B,  Left  view.  C,  Right  view. 


shouldjthen  be  used  to  bring  forward  7|7  while  depress¬ 
ing  the  lower  labial  segment  and  retracting  it  a  shade, 
prior  to  overjet  reduction.  The  depression  and  slight 
retraction  of  the  lower  labial  segment  was  decided 
from  the  original  lateral  skull  radiograph.  The 
necessity  for  these  manoeuvres  is  seen  clearly  from  the 
tracing  of  the  original  lateral  skull  radiograph  (Fig.  4). 
It  is  apparent  that  in  order  to  retract  the  upper  in¬ 
cisors  so  that  they  will  be  controlled  by  the  second 
(vertical)  part  of  the  lower  lip  (Orton,  1966),  it  is 
necessary  to  depress  and  retract  the  lower  labial 
segment. 


elastic  intramaxillary  traction  (of  125  g.  force)  was 
instituted. 

March ,  1970 

Upper  arch'.  After  7  months’  retraction  3|3  were 
sufficiently  retracted.  An  impression  was  taken  for 
the  construction  of  a  1-mm.  palatal  arch  with  bands  on 
717  and  0-7-mm.  stops  to  hold  313  jn  their  retracted 
positions;  the  7j7  bands  were  to  have  0-9-mm.  buccal 
tubes. 

Lower  arch :  The  7|7  were  well  forward.  An  uprighting 
spring  was  inserted  to  derotate  s|. 
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April,  1970 

The  palatal  arch  and  bands  21112  with  Begg 
brackets  were  cemented.  An  0-45  mm.  archwire  with 
traction  loops  distal  to  ^i2  was  pinned  to  21l12. 
Class  II  elastic  traction  of  50  g.  was  instituted  to 
reduce  the  overjet.  The  overjet  measured  15  mm.  at 


5  August,  1970 

Uprighting  springs  were  inserted  to  upright 
543 1 3457-  The  palatal  arch  was  removed  to  allow 
7|7  to  move  forward.  Class  III  traction  of  120  g.  was 
instituted  to  oppose  the  reciprocal  force  of  the 
uprighting  springs  and  to  move  forward  717.  The 


g.e.  2. 

SNA  86-5 


717  515 

Fig.  8. — Post-treatment  radiographs.  A,  Half-plate;  note  forward  in  contact  with  — .  There  now 

818 

appears  to  be  sufficient  room  for  the  eruption  of  B,  Lateral  skull.  C,  Tracing  of  lateral  skull  radiograph. 


this  stage — an  increase  of  2  mm.  from  the  original. 
This  overjet  increase  probably  resulted  from  the 
combination  of  lower  labial  segment  retroclination 
and  slight  forward  movement  of  the  upper  arch  while 
retracting  the  upper  canines. 

May,  1970 

The  Class  II  elastic  traction  was  increased  to  75  g. 
July,  1970 

The  Class  II  traction  was  discontinued,  and  instead 
upper  intramaxillary  traction  (also  of  75  g.)  was 
instituted. 
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overjet  was  now  5  mm.  (i.e.,  there  had  been  10  mm. 
reduction  in  4  months). 

28  August,  1970 

The  overjet  was  now  7  mm.  (i.e.,  2  mm.  increase 
since  5  August).  Almost  certainly  the  lower  labial 
segment  had  been  retroclined  by  the  Class  III  traction, 
and  therefore  this  was  discontinued.  Only  upper 
intramaxillary  traction  of  75  g.  force  was  now  used. 

October,  1970 

The  overjet  was  now  fully  reduced  (i.e.,  6  months’ 
treatment  to  reduce  the  overjet;  14  months’  treatment 


overall).  Therefore  the  bands  were  removed  and  full 
records  were  taken  (Figs.  6  ,7,  8).  An  upper  removable 
retainer  was  fitted  and  the  patient  wore  this  for  2  weeks 
only.  The  lateral  skull  radiograph  shows  that  the 


Fig.  9. — Lateral  skull  radiograph  taken 
following  retraction  of  3]3  and  before  overjet 
reduction.  Note  the  depression  of  the  lower 
incisors.  Pointer  on  labial  plate. 


to  be  sufficient  space  posteriorly  for  the  eruption  of 

HI  <Hr-  8A>- 

Summary  of  Treatment 

1 .  The  extraction  of  PIP 

2.  An  upper  removable  appliance  to  retract  the 
canines,  cribbing  5|5  thus  allowing  JH  to  come 
forward  as  they  erupt. 

3.  A  lower  multiband  to  depress  and  retract  the 
lower  incisors  while  bringing  forward  717  with  elastic 
traction. 

4.  A  palatal  arch  to  hold  3[3,  banding  ZiZ-  Bands 
on  21112,  0-45  mm.  archwire  with  latex  elastic  Class  II 
traction,  and  subsequently  upper  intra-traction  to 
reduce  the  overjet.  Class  III  traction  for  a  short  while 
to  counter  any  proclining  force  during  the  uprighting 
of  lower  posterior  teeth. 

DISCUSSION 

This  case  is  of  interest  because  of  the  following 
features : — 

1.  A  deep  overbite  originally.  The  overjet  was 
very  increased,  and  to  reduce  this,  it  was  import¬ 
ant  to  reduce  the  overbite  (Ballard,  1967). 

2.  Little  labial  bone  was  apparently  available 
into  which  the  upper  incisor  roots  could  be  moved 
during  overjet  reduction. 


A  B 

Fig.  10. — Intra-oral  radiographs  of  the  upper  incisors.  A,  Before  treatment.  B,  After  treatment.  Note 

slight  ‘  rounding  ’  of  |j.  apex. 


upper  labial  segment  had  been  retracted  well  inside 
the  lower  lip  activity  (Fig.  8).  The  lower  incisors 
were  markedly  depressed  and  retracted  a  little  during 
the  retraction  of  the  upper  canines  (Fig.  9).  The  lateral 
skull  radiograph  taken  at  the  time  when  the  canines 
were  fully  retracted  shows  the  pointer  (previously 
described  by  Morse,  1969)  on  the  labial  plate.  The 
original  SN  lower  incisor  tip  angle  was  87°;  at  the  end 
of  treatment  it  was  84-5°.  The  upper  incisors  have 
been  retracted  and  their  apices  moved  forward  into 
‘  space  ’,  if  the  lateral  skull  radiographs  taken  at  the 
beginning  and  end  of  treatment  are  superimposed. 
Incidentally,  no  resorption  of  the  upper  central  incisor 
roots  occurred  during  treatment,  as  seen  from 
measurements  of  the  pre-  and  post-treatment  lateral 
skull  radiographs,  though  a  slight  rounding  of  |i 
apex  occurred  (Fig.  10).  The  717  have  been  moved 
forward  into  contact  with  515  and  there  now  seems 


3.  The  first  molars  were  heavily  filled  and  also 
decalcified  and  carried  poor  long-term  prognoses. 

4.  Speedy  reduction  of  the  overjet  occurred 
and  the  overall  treatment  was  short. 

5.  There  was  good  control  of  the  mesial  move¬ 
ment  of  7|7  with  a  single  arch  in  a  round  tube. 
The  3|3  were  not  particularly  tilted  during  their 
retraction  with  the  upper  removable  appliance. 

The  extraction  of  the  upper  first  molars  give  a 
reduction  of  buccal  segment  crowding  but 
anchorage  is  difficult  to  maintain,  especially 
while  retraction  of  the  upper  premolars  and 
canines  is  being  carried  out  prior  to  overjet 

reduction — extraction  of  doubles  the  treat- 
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ment  time  and  halves  the  prognosis  (Mills,  1964). 
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Since  there  was  crowding  in  the  lower  premolar 
regions  and  also  some  lower  first  molar  space 
would  be  taken  up  in  providing  anchorage  for 
retraction  and  depression  of  the  lower  incisors, 
little  extra  anchorage  was  available  in  the  lower 
arch  for  overjet  reduction.  Therefore,  the 
extraction  of  4J4  in  addition  not  only  reduced  the 
overall  treatment  time  but  also  ensured  a  good 
prognosis  for  overjet  reduction.  Following 
extraction  of  4J4,  additional  upper  arch  anchor¬ 
age  was  available  if  Class  III  traction  was  felt 
to  be  necessary  to  prevent  proclination  of  the 
lower  incisors.  There  was  also  less  chance  of 
subsequent  relapse  from  forward  pressure  of 
the  erupting  7|7  or  8|8. 

In  general  terms,  if  ^  have  to  be  extracted, 

then  one  may  wait  for  a  long  time  for  7|7  to 
erupt  before  commencing  treatment.  Personally, 
I  have  waited  until  a  patient  was  15  years  old  for 
7|7  to  erupt  sufficiently  to  be  held  back,  and  only 
then  could  retraction  of  upper  premolars  and 
canines  be  commenced. 

The  extraction  of  6|6  usually  produces  enough 
lower  arch  anchorage,  but  the  tendency  for  for¬ 
ward  movement  of  21Z  following  loss  of  6|6  is  so 
great  that  additional  anchorage  support  (e.g., 
extra-oral)  is  frequently  necessary  in  all  but  the 
simplest  malocclusions.  Therefore,  in  Class  II, 
division  1  malocclusions  with  a  severe  overjet 


increase  and  poor  quality  |j|,  the  extraction  of 

4J4  in  addition  to  is  suggested. 

6|6 

As  a  variation  of  this,  if  the  extraction  of  first 
molars  is  carried  out  at  the  ideal  time,  then  it  is 
possible  to  reduce  the  overbite  and  partially 
reduce  the  overjet  with  an  Andresen  appliance. 
The  7J7  should  then  erupt  close  to  5|5  and  active 
lower  arch  treatment  may  not  be  necessary.  The 
4|4  may  be  extracted  later  to  allow  3]3  to  drop 
back  and  the  final  overjet  reduction  will  allow 
treatment  of  a  difficult  malocclusion  to  be  finished 
by  the  age  of  1 1  years. 
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MALOCCLUSION  ASSOCIATED  WITH 
AN  EXTENSIVE  LYMPHANGIOMA 
OF  THE  FACE 


C.  C.  KNOWLES,  B.D.S.,  M.D.S.,  D.D.O. 

Consultant  Orthodontist ,  Alder  Hey  Children's  Hospital \  Liverpool 


The  purpose  in  presenting  this  case  is  to  illustrate 
how  a  combined  treatment  plan  can  be  worked 
out  and  executed  by  the  specialities  who  are 
interested  in  it — in  this  case,  plastic  surgeons  and 
orthodontists. 


CASE  REPORT 

The  child’s  hospital  career  began  some  ten  years  ago 
when  she  was  3  years’  old  and  admitted  to  hospital 


other  affected  area,  but  the  chin,  floor  of  the  mouth, 
and  tongue  must  have  been  involved  at  this  time. 

She  had  repeated  surgery  to  re-establish  the 
tracheostomy  until  she  was  eventually  left  with  a 
permanent  tracheostomy  opening  at  the  age  of  6.  By 
this  time  the  tongue  was  causing  embarrassment 
because  of  its  size,  and  a  partial  glossectomy  was 
performed  when  the  anterior  third  of  the  tongue  was 
removed.  When  an  attempt  was  made  to  close  the 
mouth  at  the  end  of  the  operation  it  was  noted  that  the 
incisors  failed  to  meet  and  this  seems  to  be  the  first 


A  B 

Fig.  1. — Frontal  and  lateral  views  of  the  face  when  seen  in  1966.  The  scars  of  previous  surgery  can  be  seen 

and  also  the  permanent  tracheostomy. 


suffering  from  respiratory  distress  due  to  pressure 
upon  the  trachea  of  an  extensive  lymphangiomatous 
infiltration  of  the  neck.  A  tracheostomy  was  per¬ 
formed  but  no  reference  was  made  in  the  notes  of  any 


reference  to  the  presence  of  an  anterior  open  bite.  The 
paediatric  surgeon  then  requested  an  orthodontic 
opinion  and  the  child  was  kept  under  observation  by  a 
colleague  until  her  permanent  incisors  had  erupted. 


Presented  at  the  Country  Meeting,  held  on  Thursday,  22  April,  1971. 
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I  first  saw  the  girl  in  1966  when  she  was  referred  for 
the  assessment  of  her  malocclusion  in  so  far  as  it  was 
associated  with  her  general  facial  deformity,  caused  by 
the  lymphangioma  in  which  the  plastic  surgeons  were 
interested  (Fig.  1). 

The  Malocclusion 

Clinical  examination  revealed  an  anterior  open  bite 
in  association  with  a  large  maxilla-mandibular 


Fig.  2. — Tracing  from  cephalometric  X-ray  in 
1966.  Note  the  irregularities  on  the  front  and 
underside  of  the  chin. 


(MM)  angle,  but  the  inclination  of  the  upper  and 
lower  incisors  did  not  appear  to  be  outside  normal 
limits.  These  teeth  were  discoloured  and  poorly 
calcified. 

The  tongue  did  not  appear  excessively  large  but,  of 
course,  the  actual  amount  previously  removed  could 
not  be  ascertained.  It  was  infiltrated  with  lymphangio- 
matous  tissue  and  could  be  best  described  as  ‘stiff’. 
The  mobility  was  limited  and  its  shape  remained 
constantly  thick  from  dorsal  to  ventral.  Speech  was 
rendered  indistinct  by  a  combination  of  tongue 
immobility  and  the  anterior  open  bite. 

Cephalometric  examination  in  1966  showed  the 
following  readings  (Fig.  2);  ANB,  — 4°;  SNA,  77°; 
MM,  42°;  Upper  incisor  angle,  112°;  Lower  incisor 
angle  90°. 

Note  also  the  bony  irregularities  around  the  chin 
region. 

Treatment  Plan 

The  referral  of  the  child  for  an  orthodontic  opinion 
was  for  obvious  reasons  since  there  would  be  no  point 
in  reducing  the  excessive  subcutaneous  tissue  of  the 
chin  alone  because  the  underlying  distortion  of  the 
mandible  was  the  cause  of  considerable  facial  deform¬ 
ity  in  its  own  right.  Therefore,  a  combined  operation 
was  planned  in  such  a  way  as  to  establish  both  normal 
incisor  occlusion  and  a  reduction  of  the  bulk  of  the 
tissue  covering  the  chin.  In  addition,  it  was  planned 
to  smooth  off  some  of  the  bony  excrescences  on  the 
front  of  the  mandible. 
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An  ostectomy  of  the  body  of  the  mandible  was 
worked  out  in  a  standard  manner  from  study  models 
and  the  lateral  headplate  and  a  template  constructed 
for  each  side  to  indicate  the  amount  of  bone  to  be 
removed  (Knowles,  1967).  The  premolar  region  was  a 
convenient  one  for  this  procedure  since  one  of  the 
second  premolars  was  congenitally  absent  (Fig.  3). 
Note  that  the  MM  angle  has  increased  since  1966 
(Fig.  2).  This  may  be  due  to  further  deposition  of  bone 


Fig.  3. — Preoperative  and  2 years  postoperative 
tracings.  The  area  between  the  two  vertical 
broken  lines  on  the  body  of  the  mandible 
indicates  the  amount  of  bone  removed  at  the  time 
of  the  ostectomy.  Note  the  change  in  soft  tissue 
profile  between  the  preoperative  continuous 
outline,  and  postoperative  condition,  broken 
outline. 

under  the  chin.  There  has  also  been  a  relative 
increase  in  angle  SNA  resulting  in  a  reduction  of  the 
negative  value  of  angle  ANB. 

Surgical  approach  to  the  body  of  the  mandible  was 
through  the  scars  of  previous  surgery  and  this 
approach  also  allowed  access  for  the  removal  of  the 
thickened  subcutaneous  tissue.  The  bonyj  protuber¬ 
ances  on  the  surface  of  the  mandible  were  smoothed 
off  with  an  acrylic  trimming  bur.  Repeated  reposition¬ 
ing  of  the  flap  enabled  us  to  judge  the  progress  made 
in  the  reduction  of  the  bulk  of  the  soft  tissue  over- 
lying  the  chin. 

Fixation  was  by  means  of  conventional  cap  splints, 
with  circumferential  wires  and  prefabricated  connect¬ 
ing  bars.  Provision  was  made  for  intermaxillary 
fixation  but  use  was  not  made  of  it  in  the  first  48  post¬ 
operative  hours  and  after  this,  the  stability  in  the 
mandible  seemed  sufficiently  firm  to  enable  us  to  leave 
the  mandible  free  to  move. 

Postoperative  Evaluation 
Good  bony  union  was  achieved  in  6  weeks  and  this 
was  easily  tested  clinically  by  removing  the  connecting 
bars  temporarily.  It  took  a  considerably  longer  time 
for  the  postoperative  oedema  to  subside,  but  eventu¬ 
ally  it  did.  Antibiotic  cover  was  provided  for  3  weeks 
postoperatively. 


A  tracing  of  a  headplate  taken  2  years  later  shows  a 
good  incisor  relationship  and  a  reduction  of  the  MM 
angle  by  5°.  The  change  in  the  outline  of  the  soft 
tissues  can  also  be  seen  (Figs.  3,  4). 

The  child  still  has  a  legacy  of  scarring,  the  lower 
lip  is  a  little  immobile,  but  speech  is  very  much 
improved  although  this  is  only  a  subjective  assessment. 


Fig.  4. — The  appearance  and  occlusion  in  1970. 


The  greatest  change  for  the  better  is  to  be 
noticed  in  the  child’s  outlook  on  life.  She  is  now 
accepted  by  her  school-fellows  as  a  reasonably  normal 
girl  and  has  been  happily  adopted  into  the  family  of 
relatives,  having  previously  been  rejected  by  her  own 
parents. 

DISCUSSION 

The  gross  deformity  of  anterior  open  bite  and 
mandibular  prognathism  found  in  the  case 
reported  may  have  been  associated  with  the 
pathologically  enlarged  tongue,  presumably 
present  from  birth.  This  type  of  deformity  is 
seen  in  cases  of  isolated  tongue  enlargement 
without  the  involvement  of  other  regions  of  the 
face  as  found  in  this  case. 

The  abnormal  bony  deposits  on  the  outer 
surface  of  the  mandible  can  be  related  to  the 
presence  of  the  investment  of  lymphangiomatous 
tissue  and  a  possibly  over-generous  supply  of 
nutrition  to  the  region. 

Although  there  was  an  increase  in  the  MM 
angle  over  a  period  of  2  years  prior  to  surgery, 
the  lack  of  postoperative  relapse  in  a  correspond¬ 
ing  length  of  time  would  hopefully  indicate  that 


the  anterior  open  bite  was  not  a  relapsing  con¬ 
dition.  The  increase  in  the  MM  angle  would  be 
associated  with  the  local  increase  in  the  bony 
growth  around  the  chin.  The  immobility  of  the 
tongue  will  make  it  unlikely  that  this  organ  will 
produce  any  recurrence  of  the  anterior  open  bite. 


SUMMARY 

An  example  of  a  severe  facial  deformity  is 
shown  to  illustrate  how  the  greatest  good  can  be 
achieved  when  the  specialities  concerned  in  the 
treatment,  in  this  case  plastic  surgery  and  ortho¬ 
dontics,  enjoy  the  degree  of  mutual  co-operation 
that  we  are  happy  to  possess. 
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The  consensus  of  opinion  in  the  current  ortho¬ 
dontic  literature  is  that  light  forces  should  be  used 
for  moving  teeth.  This  has  led  to  a  search  for 
fixed-appliance  archwires  which  are  sufficiently 
flexible  to  apply  light  forces  even  when  deformed 
to  a  considerable  extent  by  tying  in.  Johnson 
(1934)  pointed  out  that  by  using  two  thin  wires 
in  place  of  a  single  thicker  one  a  more  flexible 
arch  can  be  obtained. 

Multiple-strand  arches  using  the  same  principle 
as  the  twin-wire  arch  have  recently  been  pro¬ 
duced  commercially.  Several  of  these  archwires 
( Table  /)  have  been  tested,  both  clinically  and  in 
the  laboratory,  and  have  been  compared  with 
other  types  of  fixed-appliance  archwire. 


but  that  the  multiple-strand  arch  can  be  deflected 
further  without  permanent  deformation. 

Multiple-strand  arches  are  graded  by  their 
external  diameters,  although  the  cross-sectional 
area  of  the  wire  will  be  less  than  that  of  a  single¬ 
strand  wire  of  the  same  nominal  external  diam¬ 
eter  (Fig.  2).  Thus,  a  multiple-strand  arch  of 
nominal  diameter  0-45  mm.  (0  018  in.)  may  be 
considered  to  be  equivalent  to  a  single  strand  of 
only  0-3  mm.  (0  012  in.)  in  terms  of  its  load- 
deflection  properties.  It  is  evident  that  because 
it  contains  less  wire  a  multiple-strand  arch  of 
nominal  0-45  mm.  diameter  will  apply  very 
much  lighter  forces  than  a  single  strand  arch  of 
0-45  mm.  diameter  when  deflected  by  the  same 


Table  I. — Details  of  the  Archwires  which  were  tested 


Product 


Material 


0-45-mm.  (0-018-in.)  Orthoflex 
superspring 


Heat-treated, 
high  tensile, 
stainless-steel 


0-45-mm.  (0-01 8-in.) 
Orthoflex  extraspring 


High  tensile 
stainless-steel 


Form  Manufacturer 


3  x  0-04-mm.  Dentaurum 

strands,  tightly 
twisted,  16  turns 
per  inch 


0-45-mm.  (0  018-in.)  Twistflex 


High  tensile 
stainless-steel 


3  x  0-04-mm. 
strands,  5  turns 
per  inch 


Unitek 


0-45-mm.  (0-01 8-in.)  Bundle 
arch 


Elgiloy  ‘  Red  ’  \ 

Elgiloy  ‘  Green  ’  / 


4  strands 
laid  parallel 


Twin- wire  arch 


Hard  stainless- 
steel 


2  strands, 

0-25  mm.,  laid 
parallel 


Rocky  Mountain 


LABORATORY  INVESTIGATION 

The  effect  of  using  a  number  of  thin  strands  in 
place  of  a  single  archwire  of  the  same  material 
and  cross-sectional  area  is  to  increase  the  elastic 
deformability  while  leaving  the  slope  of  the 
load-deflection  curve  unaltered  (Fig.  1).  This 
means  that  both  archwire  types  will  be  deflected 
through  a  similar  distance  by  a  given  light  load 


amount.  However,  the  multiple-strand  arch  can 
be  deflected  through  a  much  greater  distance 
without  becoming  permanently  deformed. 

Some  multiple-strand  arches  (e.g.,  twin-wire 
arch,  Bundle  arch)  have  their  strands  laid 
parallel,  while  others  (e.g.,  Twistflex  and  Ortho¬ 
flex)  have  strands  twisted  around  one  another 
(Table  I).  This  twisting  seems  to  have  no  appreci¬ 
able  effect  on  the  physical  properties  of  the 


From  a  Table  Demonstration  presented  at  the  Country  Meeting  held  on  23  April,  1971. 
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archwire,  although  it  may  offer  clinical  advan¬ 
tages. 

A  variety  of  laboratory  tests  was  performed  on 
all  the  types  of  multiple-strand  archwires. 


LOAO 


Fig.  1. — Load-deflection  curve  of  comparable 
single-  and  multiple-strand  arches. 


Maximum  07 
Elastic  cms.Q 
Curvature 


©  © 


0l80rthoflex  018  Orthoflex  Twistflex 
Heat  treated  NonH.T.  0175 


©  ©  © 
Green  Red  Twin  wirearch 

Bundle  arch 


Fig.  3. — The  elastic  energy  characteristics  of  the 
wires  which  were  tested. 


Since  load-deflection  curves  are  meaningful 
only  when  comparing  similar  wires,  tests  of  more 
direct  relevance  were  devised  (Stephens  and 
Waters,  1971).  These  involved  measuring  the 
minimum  radius  from  which  there  was  complete 
elastic  recovery  (depicted  by  the  size  of  circle  in 
Fig.  3),  and  calculating  the  energy  stored  per 
unit  length  of  wire  at  this  stress  (indicated  by  the 
height  of  column  in  Fig.  3).  As  a  general  guide 
the  wires  with  the  smallest  circles  and  the  highest 
columns  are  those  with  the  most  useful  clinical 
properties,  since  these  provide  the  greatest 
useable  energy  over  the  widest  range. 
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LABORATORY  FINDINGS 

Multiple-strand  arches  are  available  in  a  variety 
of  sizes;  0-45-mm.  (0‘018-in.)  wire  was  chosen  as 
being  the  size  most  frequently  used  in  the  ortho¬ 
dontic  department  of  the  Royal  Dental  Hospital.  Of 


Fig.  2. — The  reduced  cross-sectional  area  of  a 
multiple-strand  arch  compared  with  a  solid  wire 
of  the  same  overall  diameter. 


Fig.  4. — The  initial  alinement  produced  by  one 
0-45-mm.  stranded  archwire  over  a  period  of 
3  months. 


the  samples  tested,  Orthoflex  superspring  hard 
had  the  greatest  elastic  range  by  a  considerable 
margin  (Fig.  3).  This  wire  is  heat-treated  and  its 
properties  are  very  much  better  than  those  of  the 
Orthoflex  extraspring  hard,  which  is  not  heat- 
treated.  Compared  with  a  conventional  twin-wire 
arch  made  from  two  0-25-mm.  (0-01-in.)  strands  of 
hard  stainless-steel  wire  (K.  C.  Smith)  the  heat- 
treated  Orthoflex  had  approximately  twice  the 
elastic  range  and  could  store  twice  the  energy. 
The  Bundle  arches  (Elgiloy)  had  less  elastic 
deformability  than  the  conventional  twin-wire 
arch  and  had  comparably  reduced  energy  levels. 
The  Twistflex  fared  only  slightly  better,  coming 
second  in  order  of  elastic  range  (Fig.  3). 

COMPARISON  WITH  MULTI-LOOPED 
ARCHES 

When  used  to  aline  markedly  irregular  teeth 
the  conventional  single-strand  round-wire  arch 


may  have  vertical  loops  incorporated  to  increase 
its  flexibility.  It  was  found  that  when  measuring 
flexibility  across  a  single  tooth  span,  a  wire  such 
as  0-4-mm.  (0  016-in.)  T.P.  orange  super  plus  had 
to  have  vertical  loops  at  least  7  mm.  long  in 
order  to  be  as  flexible  as  the  0-45-mm.  Orthoflex 
superspring  hard  arch.  Loops  of  this  length  may 
be  impracticable  in  many  clinical  situations  and 
this  degree  of  flexibility  is  achieved  only  in  the 
horizontal  plane. 

CLINICAL  FINDINGS 

The  twisted  arches  were  found  to  be  more 
convenient  clinically  than  the  parallel-laid  arches. 
Of  the  twisted  arches,  Twistflex  is  available  in  a 
variety  of  lengths  with  soldered  ends  to  prevent 
fraying,  but  if  it  is  necessary  to  cut  the  wire  to  a 
suitable  length  the  ends  do  become  separated. 
The  Orthoflex  wires  are  twisted  in  such  a  way 
that  they  do  not  readily  become  unravelled  and 
the  ends  do  not  need  to  be  soldered.  It  is  also 
possible  to  incorporate  satisfactory  traction 
loops  in  this  type  of  wire. 

The  better  multiple-strand  archwires  find  an 
immediate  application  in  replacing  the  twin-wire 
section  of  the  Johnson  arch  (Fig.  4).  Although  the 
usual  buccal  sheath  can  be  used  to  support  the 
arch,  this  is  not  essential  as  the  arch  is  so  flexible 
that  it  is  not  usually  distorted  by  the  patient. 

The  multiple-strand  arch  is  particularly  suitable 
for  initial  alinement  with  any  type  of  bracket. 
Intramaxillary  traction  can  be  applied  to  loops 
in  the  canine  region,  but  intermaxillary  traction 
should  not  be  applied  to  these  arches  as  they  are 
not  rigid  enough  to  counteract  the  buccolingual 
forces  which  are  introduced  by  this  procedure. 
It  is  not  possible  to  use  anchorage  bends  since 
the  arch  flexibility  allows  rolling  in  the  buccal 
tubes  and  this  produces  uncontrollable  molar 
movements.  In  the  type  of  case  where  space  is 
critical  and  anchorage  bends  are  essential  from 
the  outset,  it  is  safer  to  use  the  conventional 
multi-looped  type  of  arch.  However,  with  care, 
loss  of  anchorage  is  not  usually  a  problem  during 
initial  alinement  with  these  arches,  as  only  very 
light  intramaxillary  forces  are  required. 

In  handling  the  arch  it  is  inadvisable  to  ‘  wipe 
in  *  an  arch-form,  as  it  is  difficult  to  avoid  intro¬ 


ducing  a  spiral  curvature.  Arch-forming  should 
be  confined  to  contouring  around  the  canines  by 
adjustment  at  the  traction  loops.  The  extreme 
flexibility  makes  turning  down  the  ends  of  a 
multiple-strand  arch  difficult  unless  they  are 
annealed  or  unless  fine  pliers  are  used. 

ADVANTAGES  OF  MULTIPLE-STRAND 
ARCHES 

1.  Minimal  chairside  time. 

2.  Minimal  oral  hygiene  problems. 

3.  Rapid  alinement. 

4.  It  is  impossible  to  apply  heavy  forces. 

5.  Equal  flexibility  in  all  planes. 

6.  Very  resistant  to  damage. 

DISADVANTAGES  OF  MULTIPLE-STRAND 
ARCHES 

1.  Over-rotation  can  only  be  achieved  by  the 
same  means  as  used  in  twin-wire  arch  technique, 

i.e.,  Mills  tubes  or  offsetting  brackets. 

2.  Anchor-bends  and  toe-in  cannot  be  used  for 
the  reasons  stated. 

3.  Intermaxillary  traction  is  difficult  to  apply. 
CONCLUSIONS 

1.  Multiple-strand  arches  offer  considerable 
advantages  as  initial  alining  arches  with  any  type 
of  bracket  because  of  their  flexibility  in  all  planes. 

2.  Stranded  archwire  should  supersede  the  use 
of  hard  stainless  steel  in  the  anterior  section  of 
the  twin-wire  arch. 

3.  Of  the  archwires  tested,  Orthoflex  super¬ 
spring  hard  demonstrated  superior  clinical  and 
laboratory  properties. 
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INTRODUCTION 

Stainless-steel  wires  are  generally  expensive, 
and  yet  their  quality  is  not  always  within  clinically 
acceptable  limits,  even  if  one  takes  into  account 
the  practical  difficulties  of  manufacture.  The 
clinical  performance  of  an  orthodontic  wire  is 
strongly  dependent  upon  its  manufacturing 
process,  clinical  manipulation,  and  heat  treat¬ 
ment.  However,  apparently  standard  techniques 
often  produce  erratic  clinical  performances.  The 
reason  for  this  is  that  the  critical  relationship 
between  the  composition,  structure,  and  the 
correlated  physical  properties  are  not  at  present 
clear.  This  is  understandable,  for  the  relationship 
is  not  only  complex  but  is  extremely  difficult  to 
investigate. 

In  orthodontic  practice,  the  main  types  of  wire 
used  are: — 

Soft  drawn ,  which  is  used  for  hooks,  stops,  and 
ligatures  for  tying  in  archwires.  When  examined 
microscopically,  this  can  be  shown  to  exhibit  the 
classic  although  perhaps  slightly  distorted  struc¬ 
ture  of  Austenite,  with  the  suggestion  that  other 
phases  are  present  (Fig.  3A). 

The  British  standard  for  orthodontic  stainless- 
steel  wires  indeed  suggests  that  18:8  austenitic 
wire  should  be  used  for  orthodontics. 

Hard  drawn  wires  are  used  for  cribs,  springs, 
and  labial  bows,  and  have  been  work  hardened 
to  a  greater  extent  in  the  drawing  process.  When 
this  is  viewed  microscopically,  the  structure  is 
more  compacted,  and  much  less  easily  recogniz¬ 
able  as  Austenite  or  any  other  discrete  phase. 

Extra-hard  drawn  wire  is  used  in  multi  band 
techniques,  and  has  received  the  greatest  degree 
of  work  hardening  in  its  drawing  process. 
Its  microstructure  is  the  most  complex, 
being  utterly  distorted.  If  the  wire  is  examined 


microscopically,  it  is  difficult  to  distinguish  any 
discrete  phases  by  a  simple  etching  procedure. 
After  manipulation,  rather  empirical  heat 
treatment  procedures  are  often  attempted  which 
add  further  complexities  to  the  structure. 

It  is  probably  these  changes  in  structure  which 
result  in  the  success  or  failure  of  the  wires  in 
clinical  use. 

It  is  felt  that  it  is  necessary  to  characterize  the 
discrete  phases  in  the  wires.  If  the  microstructure 
can  be  correlated  with  the  composition  and 
physical  properties,  it  should  then  be  possible  to 
evaluate  which  wires  will  best  fulfil  a  clinician’s 
requirements.  It  should  also  be  possible  to 
suggest  the  best  combination  of  manipulation  and 
heat  treatment.  The  critical  factor  of  this  ideal 
is  to  be  able  to  recognize  the  discrete  phases  in 
the  microstructure,  and  this  in  turn  is  dependant 
on  the  process  of  etching. 


ETCHING 

Etching  is  the  selective  predominant  dissolution 
of  one  phase  of  those  present  in  the  metal  struc¬ 
ture.  The  result  is  that  the  surface  is  thrown  into 
relief,  and  shadows  are  then  resolvable  when 
viewed  under  reflected  light.  Various  solutions 
are  used  as  etchants,  e.g.,  acidic  solutions  such  as 
ferric  chloride,  and  redox  solutions  such  as 
chromic  acid.  They  may  be  water  or  alcohol 
based.  Alternatively,  the  specimen  can  be 
electrolytically  etched  in,  for  example,  10  per  cent 
oxalic  acid. 

Both  of  these  relatively  simple  methods,  how¬ 
ever,  require  considerable  experience  and  skill  to 
be  able  to  predominantly  etch  out  one  specific 
phase  and  are  not  easily  applied  to  complex 
structures.  Appreciating  the  complexity  of  the 
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microstructure  of  the  extra-hard  drawn  wires,  a 
more  sophisticated  method  of  etching  is  necessary 
and  a  device  known  as  a  potentiostat  was  used  to 
this  end  (von  Fraunhofer  and  Banks,  1972). 


Fig.  1. — A  potential/current  curve,  showing  the 
typical  features  of  a  potential  sweep. 


The  potentiostat  determines  the  potential  of 
the  wire  by  comparison  with  the  standard  calomel 
electrode,  and  if  it  varies  from  that  which 
the  operator  preselects,  the  potentiostat  main¬ 
tains  the  set  potential  by  passing  a  current 
between  the  auxiliary  platinum  electrode  and  the 
wire. 

The  electrochemistry  and  electronics  involved 
exceeds  the  scope  of  this  paper,  but  it  is  sufficient 
to  state  that  selective  dissolution  or  etching,  of 


Fig.  2. — Transverse  and  longitudinal  section 
specimens  mounted  with  electrical  connexions  in 
acrylic. 


A  B  C 

Fig.  3. — Transverse  sections  of  wires  potentiostatically  etched,  at  a  magnification  of  2100  times  under 
oil-immersion.  A,  0-7-mm.  soft  stainless-steel  wire  etched  at  —200  mV.;  B,0-4-mm.  extra-hard  drawn  wire 
etched  at  +1171  mV.;  C,  0-4-mm.  extra-hard  drawn  wire  etched  at  —378  mV.  Etched  in  5  per  cent  H2S04 
+  01  g./l.KCNS. 


THE  POTENTIOSTAT 

As  its  name  implies,  this  is  a  device  which 
maintains  an  electrode  at  a  predetermined 
potential  with  reference  to  a  standard  potential. 
In  this  work  a  sample  of  orthodontic  wire  is  being 
used  as  the  working  electrode  in  an  electrolytic 
cell  consisting  of5  per  cent  H2SO4+0T  g./l.  KCNS. 
The  electrolyte  therefore  contains  three  elec¬ 
trodes;  the  orthodontic  wire,  a  platinum  auxiliary 
electrode,  and  a  standard  calomel  electrode. 


different  structural  phases  in  a  metal  in  an 
electrolyte  occurs  at  discrete  potentials,  and  if  a 
sample  in  an  electrolyte  has  its  potential  varied 
from  a  negative  value  of  say  —700  mV.,  to  a 
positive  one  of  +1670  mV.  (with  respect  to  the 
calomel  reference  electrode),  these  critical  poten¬ 
tials  of  etching  will  be  traversed.  This  is  effected 
by  incrementally  changing  the  potential  which  the 
potentiostat  is  required  to  maintain,  either 
manually  or  mechanically. 
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The  position  of  these  etching  potentials  can  be 
recorded  on  a  chart  as  shown  in  Fig.  1  where  the 
horizontal  axis  represents  the  potential,  which  is 
being  changed  from  a  negative  value  on  the  left 
to  a  positive  value  on  the  right.  The  vertical  axis 
represents  the  current  flowing  whilst  the  potential 
is  being  changed. 

This  figure  demonstrates  the  basic  features  of 
the  potential  sweep.  As  the  potential  increases 
from  a  negative  value,  the  current  flow  changes 
from  being  negative  in  the  region  of  hydrogen 
evolution  (—700  mV.),  to  become  positive  in  the 
active  region,  the  passive  region,  the  trans¬ 
passivity  region,  and  the  region  of  oxygen 
evolution. 

The  vertical  peaks  represent  regions  of  in¬ 
creased  current  flow  associated  with  etching  or 
selective  dissolution  occurring  at  those  potentials. 
The  maximum  rate  of  dissolution  is  occurring  at 
the  peak  maxima.  The  peak  in  the  active  region 
may  often  be  shown  to  consist  of  more  than  one 
peak  by  refining  the  potentiostat  electronic 
control  parameters.  If  this  is  the  case,  each  small 
peak  represents  a  different  phase  in  the  metal. 
Furthermore,  the  peak  heights  show  the  relative 
proportions  of  the  phases  in  the  alloy.  This 
technique  provides  the  basis  for  a  very  sophis¬ 
ticated  etching  procedure. 

POTENTIOSTATIC  ETCHING 

This  is  gradually  becoming  an  established 
metallographic  procedure  (Edeleanu,  1957a,  b; 
Cihal  and  Prazak,  1959;  von  Fraunhofer  and 
Banks,  1972),  but  this  work  appears  to  be 
the  first  time  that  it  has  been  applied  to  ortho¬ 
dontic  wires.  For  this  work  a  sample  of  wire  was 
mounted  in  acrylic  with  prepared  electrical  con¬ 
nexions,  as  shown  in  Fig.  2,  and  metallographically 
polished  using  silicone  carbide  and  diamond.  It 
was  then  placed  in  the  electrochemical  cell,  and 
connected  to  the  potentiostat.  It  was  held  at  the 
potential  relative  to  a  peak  maximum  of  the 
potential/current  curve  for  an  appropriate  time, 
then  predominantly  only  that  particular  phase 
was  found  to  be  etched  out. 

Fig.  3 A  shows  a  transverse  section  of  0-7-mm. 
soft  wire  etched  at  —200  mV.  The  typical  grain 
structure  of  Austenite  can  be  seen  with  twin 
banding.  Other  inclusions  are  also  visible.  Fig. 
3B,  C  show  a  transverse  section  of  0-4-mm.  T.P. 
wire  etched  at  two  different  potentials  and  show 


that,  although  the  structure  is  complex,  it  is 
possible  to  differentiate  the  structures  at  these 
two  different  potentials. 

DISCUSSION 

Other  authors  have  investigated  the  physical 
and  clinical  properties  of  stainless-steel  wires. 
However,  a  fundamental  factor  missing  from 
these  investigations  has  been  the  correlation  of 
these  clinical  and  physical  properties  with  the 
composition,  and  particularly  the  detailed  micro¬ 
structure  which  determines  the  properties  of  the 
wires. 

British  steel  is  far  less  costly  than  that  which  is 
imported  for  its  high  tensile  properties  and  the 
most  important  property  of  high  proof  stress 
values.  It  is  hoped  that  by  a  detailed  study  of 
microstructure,  information  could  be  obtained 
about  the  most  satisfactory  methods  of  manipula¬ 
tion  and  heat  treatment  of  British  wires  to  match 
and  even  improve  upon  the  clinical  performance 
of  the  imported  ones. 

This  comment  is  directed  at  the  extra- hard 
drawn  wire,  but  the  technique  will  be  equally 
directed  at  problems  associated  with  the  hard 
drawn  wires  used  for  cribs  and  springs  in  remov¬ 
able  appliances,  particularly  fracture,  corrosion, 
soldering,  and  welding  factors. 

The  potentiostat  is  one  piece  of  apparatus 
which  should  assist  in  resolving  the  changes  in 
microstructure  associated  with  the  clinical  prob¬ 
lems  involving  stainless-steel  wire. 
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Facial  deformity  concerns  us  all.  It  is  a  challenge 
prompted  by  the  serious  emotional,  social,  voca¬ 
tional,  and  ultimately  economic  strains  suffered 
by  those  who  are  directly  affected.  It  is  a  chall¬ 
enge  because  of  the  complexities  with  which  we, 
as  professionals,  find  ourselves  confronted  in 
diagnosis  and  physical  management.  Above  all, 
it  is  a  challenge  that  involves  us  in  a  commitment 
that  is  far  beyond  ordinary  clinical  obligations, 
for  facial  deformity  affects  not  only  faces  but 
entire  lives. 

In  our  culture,  reactions  to  deformity  are 
almost  universally  negative  (McWilliams,  1970). 
Apparently  this  has  been  so  since  the  dawn  of 
history.  In  Greek  myth,  Haephestus  (Vulcan) 
was  banished  from  Mount  Olympus  because  he 
was  born  deformed,  surely  one  of  the  earliest 
accounts  of  parental  rejection.  The  passage  of 
time  has  not  helped  to  soften  feelings  of  revulsion. 
You  may  recall  that  Oberon’s  blessing  on  the 
three  couples  in  the  last  scene  of  Midsummer 
Night's  Dream  concludes  with  these  words: — 

‘  And  the  blots  of  Nature’s  hand 
Shall  not  in  their  issue  stand; 

Never  mole,  hare-lip,  nor  scar, 

Nor  mark  prodigious,  such  as  are 
Despised  in  nativity. 

Shall  upon  their  children  be.’ 

Since  a  large  proportion  of  birth  defects  that 
result  in  facial  deformity  are  neither  rare  nor 
fatal,  cultural  prejudices  can  be  as  much  of  a 
problem  as  the  physical  defect  itself.  For  the 
patient  the  emotional  consequences  are  often 
devastating,  vocational  choices  are  restricted, 
and  opportunities  for  social  interchange  are 
curtailed. 

Even  the  definition  of  facial  deformity  reflects 
subjective  cultural  attitudes  which  are  based 
largely  upon  vaguely  understood  and  poorly 
measured  images  of  facial  beauty.  Patients,  of 
course,  are  affected  psychologically  by  these 
values.  A  few  grossly  overestimate  the  import¬ 
ance  of  even  slight  facial  disharmony.  Con¬ 
versely,  there  are  patients  with  very  severe  facial 
deformities  who  adjust  to  the  deficit.  They  func¬ 
tion  effectively  and  productively  in  business  and 
in  their  personal  lives.  Only  a  few  psychological 
studies  of  facially  disfigured  patients  are  avail¬ 
able  (Macgregor,  1970;  Stewart,  1963),  and  they 


tend  to  confirm  that  responses  to  facial  deformity 
are  highly  subjective. 

It  is  thus  reasonable  to  assume  that  a  patient 
would  not  seek  help  if  he  thought  that  there  were 
no  problem.  What  remains  for  us  is  to  help  to 
define  the  deformity  as  a  deviation  from  some 
norm,  and  then  to  outline  an  appropriate 
approach  for  establishing  a  more  acceptable  facial 
balance.  Unfortunately,  accurate  description 
remains  one  of  the  most  elusive  diagnostic  prob¬ 
lems  in  the  physical  management  of  facial 
malformation.  At  first  glance,  nothing  seems 
more  straightforward  than  to  identify  severe  facial 
imbalance  in  a  patient  from  simple  clinical 
observation.  The  particular  syndrome  may  even 
have  a  name.  Describing  the  specific  site  or  sites 
of  craniofacial  deformity  is  anything  but  simple, 
however,  and  real  differences  among  experienced 
workers  in  the  field  are  frequent  and  spirited. 

There  are  other  problems  as  well.  While  some 
congenital  facial  malformations,  such  as  cleft  lip 
and  palate,  are  present  at  birth  and  are  readily 
recognized,  other  conditions  become  manifest 
only  as  development  proceeds.  Hereditary 
factors  have  been  implicated  in  both  types, 
although  specific  genetic  correlations  are  unclear 
except  in  the  chromosomal  disorders.  Most  of 
the  more  common  facial  malformations  have  a 
multifactorial  aetiology  and  do  not  show  Mendel- 
ian  inheritance  patterns.  No  simple  genetic 
mechanism  has  been  found  in  cleft  lip  and  palate, 
and  the  appearance  of  a  cleft  is  apparently 
related  to  the  cumulative  stress  (from  both 
hereditary  and  environmental  factors)  placed  on 
the  foetus  as  a  particular  developmental  thres¬ 
hold  is  attained.  The  aetiology  of  mandibular 
prognathism  is  also  unclear.  Hereditary  factors 
are  involved  in  many  instances  (Litton,  Acker- 
mann,  Isaacson,  and  Burton,  1970),  but  the  long 
time-span  during  which  the  condition  develops 
allows  ample  opportunity  for  environmental 
forces  to  play  a  role,  too. 


THE  STRATEGY  OF  TREATMENT 
PLANNING 

From  the  orthodontist’s  viewpoint  the  goals  of 
treatment  planning  in  facial  deformity  include: 
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(1)  achievement  of  satisfactory  jaw  and  occlusal 
relationships;  (2)  an  acceptable  alinement  of 
teeth;  (3)  a  harmonious  relationship  between  the 
hard  and  soft  tissues  of  the  face;  (4)  an  aesthetic¬ 
ally  satisfactory  balance  in  soft-tissue  contours. 
These  aims  dictate  strategy  in  treatment,  always 


Fig.  1. — Curves  of  the  face:  FN,  Frontonasal; 

NL,  nasolabial;  LM,  labiomental.  The  latter  two 

are  directly  affected  by  dento-alveolar  and 

maxillomandibular  relationships. 

with  the  understanding  that  it  may  be  possible  to 
reach  the  desired  goals  by  the  following  alterna¬ 
tive  strategies. 

The  Dentition 

There  are  two  types  of  occlusal  imbalance  that 
affect  facial  appearance.  First,  there  are  relatively 
minor  conditions  such  as  maxillary  and  bi¬ 
maxillary  dental  protrusion.  These  respond  well 
to  orthodontic  correction  and  need  not  concern 
us  further  here.  Secondly,  there  is  a  separate 
category  of  malocclusions  that  result  from  dis¬ 
turbances  in  craniofacial  growth  (Converse  and 
Florowitz,  1966).  In  planning  strategy,  such  con¬ 
ditions  must  be  recognized  as  complex  dentofacial 
morphological  aberrations  rather  than  simple 
dental  malocclusions.  As  such  they  are  difficult, 
if  not  impossible,  to  treat  satisfactorily  by  ortho¬ 
dontic  therapy  alone.  Nevertheless,  frequent 
attempts  are  made  to  correct  this  type  of  mal¬ 
occlusion  orthodontically,  and  sometimes  accept¬ 
able  interdigitation  is  obtained.  Unfortunately, 
the  orthodontic  result  which  is  so  painstakingly 
achieved  must  often  be  undone  if  the  facial 
deformity  is  corrected  by  alteration  in  jaw 
relationships.  These  conditions  require  a  team 
approach:  orthodontic  preparation  preopera- 
tively;  surgical  correction  of  the  facial  deformity 
designed  to  improve  both  jaw  and  dental  relation¬ 
ships;  finally,  postoperative  orthodontic  therapy 

112 


to  obtain  the  best  alinement  and  occlusion  poss¬ 
ible  (Converse,  Horowitz,  and  Wood-Smith, 
1964;  Proffit  and  White,  1970). 

Skeletal  Framework 

The  challenge  of  accurately  describing  the 
human  face  has  stimulated  artists  and  scientists 
for  centuries.  Geometric,  mathematical,  and 
statistical  methods  have  all  proved  unsatisfactory. 
Cephalometric  studies  of  persons  with  generally 
pleasing  facial  aesthetics  (Riedel,  1957;  Peck  and 
Peck,  1970)  show  that  the  dimensions  and 
relationships  of  the  underlying  dentofacial 
skeletal  structures  fall  within  the  ranges  prev¬ 
iously  established  as  population  norms.  Facial 
harmony  thus  involves  complex  relationships 
that  cannot  be  conveniently  reduced  to  sets  of 
numbers  expressed  as  averages.  Comparison  of 
an  individual  patient’s  measurements  cannot  be 
used  to  establish  treatment  goals  (Horowitz  and 
Hixon,  1966). 

Soft-tissue  Balance 

The  two  most  important  curves  of  the  soft- 
tissue  facial  profile  originate  at  the  lips.  They  are 
the  nasolabial  curve  and  the  labiomental  curve. 
(Fig.  1;  Case,  1921).  Both  curves  form  graceful 
concavities  when  the  lips  are  relaxed  with  the 
teeth  slightly  apart.  In  a  well-balanced  face, 
therefore,  the  lips  close  with  ease  in  repose  and 
the  curves  are  neither  abnormally  deep  nor 
straight. 

Longitudinal  studies  of  normal  facial  growth 
have  provided  orthodontists  with  a  reservoir  of 
information  that  is  of  great  value  in  planning 
treatment  strategy,  but  more  longitudinal  investi¬ 
gations  of  children  with  specific  types  of  facial 
deformity  are  urgently  needed.  Such  studies  are 
particularly  important  when  considering  the 
optimum  time  for  treatment.  Despite  our 
knowledge  of  normal  facial  growth,  specific 
information  regarding  the  most  appropriate  age 
for  performing  corrective  surgical  procedures  in 
facial  malformations  is  limited.  This  has  pro¬ 
duced  some  sharp  differences  in  treatment 
strategies  for  similar  deformities. 

In  the  United  States,  for  example,  mandibular 
prognathism  corrections,  with  few  exceptions 
(Biederman,  1967),  are  done  in  late  adolescence 
at  the  earliest.  Knowles  (1970),  on  the  other  hand, 
has  presented  impressive  results  of  such  correc¬ 
tions  in  children.  True  longitudinal  data  on 
mandibular  prognathism  are  lacking,  but  a  cross- 
sectional  study  of  this  condition  has  recently  been 
published  in  Japan  and  indicates  that  the 
mandible  becomes  more  prominent  with  age, 
while  the  maxilla  shows  little  change  (Susami, 
1969).  This  is  no  different  than  the  expected 
normal  growth  pattern,  and  thus  the  problem 
remains  unresolved. 

Cephalometric  measurements  have  provided 
no  adequate  predictors  of  facial  growth  either  in 


normal  children  or  in  individuals  with  mandibu¬ 
lar  prognathism.  There  is  thus  no  satisfactory 
way  at  present  of  determining  in  which  child  the 
growth  pattern  would  be  so  abnormal  as  to 
demand  immediate  preventive  surgical  inter¬ 
vention.  Some  of  the  early  operations  are 


technique  first  described  by  Willett  (1927)  and 
later  elaborated  by  Barrow  and  Dingman  (1950). 

Articulator  mounting  is  desirable,  since 
occlusal  equilibration  should  be  planned  pre- 
operatively.  Few  reports  mention  the  need  for 
equilibration,  but  when  one  considers  that  a  major 


A 
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Fig.  2. — Planning  correction  of  mandibular  prognathism  (ramus  section).  A,  Preoperative  model. 
B,  Correction  simulated  by  moving  the  upper  study  model  forward.  The  amount  of  mandibular  retraction 
required  is  indicated  by  the  wax  added  to  the  maxillary  cast  (arrow). 


undoubtedly  useful  and  possibly  even  necessary; 
the  question  is :  which  ones  ? 

The  factor  of  maturation  in  relation  to  facial- 
growth  must  therefore  be  considered  in  deciding 
strategy,  particularly  in  those  deformities  that 
show  imbalance  in  the  profile.  Both  the  mandible 
and  the  nose  continue  to  grow  well  into  the 
adolescent  period,  and  treatment  designed  to 
establish  satisfactory  nose-chin  balance  is  prefer¬ 
ably  delayed  until  late  adolescence.  This  is  not 
the  case  for  all  facial  defects.  The  external  ear 
reaches  adult  proportions  early  in  life,  and 
reconstructive  procedures  for  ear  deformities 
can  therefore  be  started  during  the  childhood 
years. 

METHODS  AND  TECHNIQUES  OF 
PLANNING 

Once  a  general  strategy  has  been  determined, 
specific  planning  requires  the  standard  ortho¬ 
dontic  diagnostic  records:  study  models, 
roentgenograms,  and  photographs.  The  study 
models  and  X-rays  are  of  special  value. 

Study  Models 

Paradoxically,  although  the  teeth  and  occlusion 
are  often  greatly  disturbed  in  lower  face  mal¬ 
formations,  the  dentition  provides  the  most 
important  guide  in  planning  therapy.  The  models 
may  be  shifted  anteroposteriorly  or  sectioned 
in  order  to  simulate  corrections  (Figs.  2,  3)  — a 


Fig.  3. — Planning  for  correction  of  mandibular 
prognathism  (section  in  the  mandibular  body). 
The  amount  of  setback  is  indicated  by  the 
distance  from  the  front  of  the  platform  of  the 
lower  cast  (arrows). 

alteration  in  the  jaw  relationships  brings  the  teeth 
into  unaccustomed  articular  relationships,  the 
need  is  apparent.  A  lifetime  of  occlusal  wear 
must  be  provided  for  the  patient  within  a  brief 
period  either  preoperatively  or  at  the  time  of 
operation  (Fig.  4). 

The  sectioned-cast  technique  works  well  in 
planning  for  mandibular  prognathism,  open-bite 
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Fig.  4. — The  occlusal  equilibration  required  for  satisfactory  interdigitation  in  the  correction  of  mandibular 

prognathism. 


Fig.  5. — Cephalometric  planning  for  profile  change.  A,  Cut-out  of  the  lower  jaw.  The  horizontal  line 
indicates  the  site  of  the  osteotomy.  B  Cut-out  moved  into  a  hypothetical  normal  occlusion,  providing  a 
guide  to  the  desired  new  position  for  the  pogonion  point.  C,  Postoperative  result  following  a  horizontal 
osteotomy  of  the  mandible  beneath  the  tooth  roots,  with  advancement  of  the  chin  point.  D,  Preoperative 
and  postoperative  tracings  superimposed. 
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corrections  (Converse  and  Horowitz,  1969),  and 
for  the  maxillary  protrusions.  In  the  latter, 
careful  attention  must  be  paid  to  establishing 
satisfactory  postoperative  axial  inclination  of  the 
maxillary  incisors  at  the  time  of  operation,  since 


Fig.  6. — Cephalometric  planning  for  a  profile 
change.  A,  Preoperative  profile  showing  an  Angle 
Class  I  occlusion.  There  is  excessive  anterior 
facial  height  with  loss  of  the  labiomental  curve. 

B,  Nasion-lo wer-incisor-cro wn  line  indicates  de¬ 
sired  new  position  for  pogonion.  Wedge  removal 
(hatched  area)  is  required  to  shorten  the  facial 
height.  C,  Postoperative  result  following  removal 
of  the  wedge  and  advancement  of  the  chin  point. 

the  upper  lip  and  the  contour  of  the  nasolabial 
curve  are  directly  affected  by  incisor  crown 
position  and  inclination.  If  these  teeth  are 
allowed  to  assume  a  lingual  inclination  the 
anterior  nasal  spine  appears  more  prominent  than 
it  should,  the  lower  facial  profile  is  flattened,  and 
the  nasolabial  curve  is  diminished.  Other  types 
of  dento-alveolar  procedures  are  also  planned  on 
sectioned  casts  (Henry  and  Wreakes,  1968). 

Cephalometric  Roentgenograms 

The  most  frequently  used  cephalometric 
analyses  rely  on  measurements.  Precision  thus 
becomes  confused  with  objectivity  in  case 
evaluation,  and  error  that  Alfred  North  White- 
head  described  as  the  ‘  fallacy  of  misplaced 
concreteness  ’.  Moreover,  when  a  facial  deformity 
is  clearly  apparent  clinically,  it  is  to  be  expected 
that  at  least  some  cephalometric  values  will  differ 
from  average  ‘  norms  ’  by  several  standard 
deviations.  Conventional  techniques  of  cephalo¬ 
metric  analysis  therefore  offer  little  diagnostic 


guidance  in  planning  correction  of  facial 
deformities. 

Non-metric  techniques  for  using  the  cephalo- 
gram  depend  upon  the  evaluation  of  certain 
relationships  that  are  judged  more  or  less 


subjectively.  They  have  been  particularly  helpful 
in  simulating  profile  changes  that  might  result 
from  surgical/orthodontic  procedures.  Some 
that  we  have  found  useful  are: — 

1.  A  cut-out  technique  for  evaluating  nose- 
chin  balance.  In  maxillary  protrusion  cases,  for 
example,  a  change  in  profile  can  be  obtained  by 
the  maxillary  setback  procedure.  In  the  less 
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severe  protrusions,  or  when  maxillary  setback  is 
contra-indicated  because  of  extensive  restorations, 
a  chin-implant  may  suffice.  In  either  instance  the 
expected  change  can  be  reasonably  predicted  by 
either  moving  the  maxillary  cut-out  posteriorly 
or  moving  the  mandibular  cut-out  anteriorly  into 


3.  Mandibles  that  are  overdeveloped  in  the 
superior-inferior  dimension  show  distortion  of 
the  labiomental  curve.  Anterior  face  height  must 
be  reduced  in  order  to  achieve  profile  improve¬ 
ment  in  these  patients.  A  procedure  that  includes 
both  removal  of  a  wedge  of  bone  beneath  the 


Table  /.—Angular  Measurements  of  Subjects  with  Mandibular  Prognathism  compared  with  those  of 

Control  Subjects 


Measurement 

Control  (n  =  30) 

Mandibular 
Prognathism  (n=36) 

Mean 

S.D. 

Mean 

S.D. 

NSAr 

1241 

4-3 

119-3** 

6-5 

SArGo 

144-9 

6-5 

142-9 

9-7 

ArGo-mandibular  plane 

124-4 

5-4 

133-7*** 

8-1 

Mandibular  plane-Pold 

68-1 

6-1 

58-8*** 

8-7 

SNPr 

83-9 

3-7 

83-0 

4-2 

SNA 

79-5 

3-9 

78-6 

4-2 

SNB 

79-2 

3-4 

85-7*** 

5-1 

SNPr 

80-8 

3-4 

87-0*** 

4-2 

SNA-SNB 

0-3 

1-8 

-7-1 

4-4 

NSGo 

103-9 

3-7 

96-9*** 

5-5 

**P<001;***P<0001. 

From  Horowitz,  Gerstman,  and  Converse  (1969). 


Table  II. — Linear  Measurements  of  Subjects  with  Mandibular  Prognathism  compared  with  those  of 

Control  Subjects 


Measurement 

Control  (n=30) 

Mandibular 
Prognathism  (n  =  36) 

Mean 

(mm.) 

S.D. 

Mean 

(mm.) 

S.D. 

PtmNa 

51-7 

3-9 

47-8*** 

3-3 

GoB' 

74-4 

6-3 

73-7 

7-0 

B'P' 

9-8 

2-5 

11-5* 

2-9 

GoP' 

84-2 

6-4 

85-2 

6-4 

SN 

75-9 

4-7 

72-0** 

4-9 

SGo 

87-7 

7-0 

83-2** 

6-3 

NP' 

134-7 

7-2 

133-4 

8-3 

SAr 

38-2 

3-9 

35-6 

4-1 

ArGo 

53-7 

5-1 

52-4 

6-2 

*P<0-05 ;  **P<0-01 ;  ***P<0-001. 

From  Horowitz,  Gerstman,  and  Converse  (1969). 


simulated  Class  I  incisal  contact  (Fig.  5).  A 
similar  technique  is  useful  in  obtaining  some 
measure  of  the  facial  change  to  be  expected  from 
correction  of  mandibular  prognathism. 

2.  In  Class  I  bimaxillary  protrusions  the  chin 
may  appear  underdeveloped  because  of  the  facial 
convexity.  A  line  drawn  from  the  nasion  through 
the  lingual  surface  of  the  lower  incisor  crown 
profile  provides  a  guide  to  the  size  of  chin  implant 
or  chin  advancement  that  will  be  required  to 
obtain  an  aesthetically  pleasing  new  position  for 
the  pogonion  point. 
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tooth  roots  and  advancement  of  the  mental 
symphysis  to  the  N-lower  incisor  line  both 
reduces  face  height  and  provides  a  more  promin¬ 
ent  chin  point.  The  anticipated  results  may  be 
simulated  on  the  cephalogram  tracing  (Fig.  6). 

DIFFERENTIAL  DIAGNOSIS  OF  FACIAL 
DEFORMITY 

To  illustrate  some  of  the  fundamental  diffi¬ 
culties  encountered  in  describing  even  a  familiar 
facial  deformity  accurately,  I  have  chosen  to 


discuss  mandibular  prognathism  as  a  representa¬ 
tive  model.  So  many  excellent  reports  relating  to 
this  condition  have  originated  in  the  United 
Kingdom  (Hopkin,  1963,  1965;  Mills,  1966; 
Knowles,  1970)  that  it  is  possible  to  proceed 
directly  to  the  heart  of  an  apparently  simple 


A  detailed  comparison  between  an  adult  group 
of  subjects  with  mandibular  prognathism  and  a 
group  of  unaffected  persons  drawn  from  the 
population  at  large  has  been  published  elsewhere 
and  need  only  be  summarized  briefly  here 
(Horowitz,  Gerstman,  and  Converse,  1969). 


A  B 

Fig.  7. — A,  Control  polygons  ( see  text).  S,  Sella.  N,  Nasion,  Pr,  Prosthion.  Id,  Infradentale.  Po, 
Pogonion.  Go,  Gonion.  Solid  line,  male  control.  Dashed  line,  female  control.  B,  Average  male/female 
polygon. 


question  that  we  once  thought  satisfactorily 
answered :  ‘  What  is  the  nature  of  mandibular 
prognathism  ?  ’ 

In  my  opinion  the  best  clinical  definition  of  this 
malformation  was  written  long  before  the  term 
‘  mandibular  prognathism  ’  was  used.  It  is 
characteristically  succinct :  ‘  the  lower  jaw  pro¬ 
jecting  too  far  forwards,  so  that  the  fore-teeth 
pass  before  those  of  the  upper  jaw,  when  the 
mouth  is  shut;  which  is  attended  with  incon¬ 
venience,  and  disfigures  the  face.’  (J.  Hunter, 
1778). 

The  clarity  of  these  observations  provided  a 
starting  point  for  our  own  investigations  of 
craniofacial  relationships  in  mandibular  prog¬ 
nathism.  Two  essential  clinical  criteria  for  the 
condition  could  be  established  without  difficulty: 
first,  a  facial  disfigurement  in  which  the  lower 
portion  of  the  face  appears  unduly  prominent, 
and  secondly,  a  Class  III  (Angle)  malocclusion  of 
the  teeth. 


Using  traditional  methods  of  analysis,  19  meas¬ 
urements  were  compared  separately.  For  example, 
the  average  maxillary  length  in  subjects  with 
mandibular  prognathism  was  compared  with  the 
average  maxillary  length  found  in  the  control 
group.  The  analysis  shows  clearly  that  persons 
with  mandibular  prognathism  differ  significantly 
from  the  general  population  in  several  cranio¬ 
facial  dimensions  and  relations  ( Tables  /,  II). 

When  each  measurement  is  evaluated  inde¬ 
pendently  it  is  difficult  to  determine  the  relative 
importance  of  any  particular  variable  in  separat¬ 
ing  the  deformity  group  from  the  control  group. 
Measurements  that  show  similar  significant 
differences  (the  same  probability  values)  must  be 
considered  as  contributing  with  equal  weight  to 
the  total  differences  between  the  groups.  Since 
this  seemed  unlikely,  we  re-evaluated  the  same 
data  using  multivariate  statistical  techniques  that 
make  it  possible  to  analyse  the  relationship  of  all 
of  the  measurements  simultaneously.  Using  an 
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appropriate  computer  program,  the  19  measure¬ 
ments  were  deployed  in  a  way  that  reflected  the 
relative  contribution  and  importance  of  each  in 
distinguishing  individuals  with  mandibular  prog¬ 
nathism  from  unaffected  persons. 

The  computer  program  sought  the  best  combin¬ 
ation  of  variables  by  which  the  two  groups  could 


A  combination  of  5  of  the  19  variables  is 
sufficient  to  discriminate  significantly  between  the 
group  with  mandibular  prognathism  and  the 
control  group.  In  order  of  importance,  these 
are: — 

1.  SNA-SNB  difference.  This  is  a  reflection 
of  one  of  the  original  clinical  criteria. 


Fig.  8. — A,  Type  I  prognathism:  rotation  with  small  cranial  base.  B,  Type  II  prognathism:  rotation 
with  normal  cranial  base.  C,  Type  III  prognathism:  no  rotation;  small  cranial  base.  D,  Type  IV  prog¬ 
nathism:  rotational  ‘  bulldog  ’  type.  E,  Type  V  prognathism:  generalized  underdevelopment. 


be  separated  from  one  another.  The  hierarchical 
ranking  of  measurements  obtained  serves  to 
define  the  pattern  of  craniofacial  lines  and  angles 
that  best  describes  mandibular  prognathism.  If 
the  separate  measurements  are  thought  of  as 
pieces  in  a  puzzle  the  computer  program  helps  us 
to  understand  how  the  pieces  fit  together.  In 
other  words,  it  shows  the  interdependence  of  the 
pieces  within  an  overall  pattern. 
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2.  SN  length.  On  average  this  measurement 
is  shorter  in  the  group  with  mandibular  prog¬ 
nathism.  More  important,  the  appearance  of  this 
variable  at  step  2  of  the  analysis  is  information 
independent  of  jaw  relationships.  It  could  not 
have  been  predicted  from  the  clinical  criteria. 
Other  investigators  have  also  reported  small  SN 
measurements,  but  multivariate  analysis  indicates 
the  relative  importance  of  the  anterior  cranial 


base  as  a  contributing  factor  in  the  morphology  of 
mandibular  prognathism. 

3.  The  gonial  angle.  This  is  more  obtuse  in  the 
group  with  prognathism. 

4.  The  length  of  the  mandible.  This  is  longer 
in  the  group  with  prognathism. 

5.  The  position  of  the  maxilla.  The  maxilla  is 
situated  more  posteriorly  relative  to  the  cranium 
in  persons  with  mandibular  prognathism  (angle 
SNPr). 

One  of  the  most  intriguing  aspects  of  multi¬ 
variate  analysis  lies  in  the  new  insights  obtained 
when  the  pattern  is  considered  rather  than  taking 
the  individual  measurements  separately.  New  and 
unsuspected  information  develops  because  rela¬ 
tionships  become  the  important  focus  rather  than 
the  single  comparisons.  When  considered  inde¬ 
pendently  the  variables,  mandibular  body  length 
and  SNPr,  showed  no  difference  between  the 
group  with  prognathism  and  the  control  group, 
but  within  the  total  pattern  of  craniofacial  relation¬ 
ships  they  assumed  a  significance  as  discriminat¬ 
ing  characteristics. 

Taken  together  the  research  findings  of  other 
investigators  and  ourselves  characterize  mandibu¬ 
lar  prognathism  as  a  complex  condition  caused  by 
growth  disturbances  that  affect  the  anterior 
cranial  base,  the  position  of  the  glenoid  fossa,  the 
shape  and  size  of  the  mandible,  and  the  position 
as  well  as  the  size  of  the  maxilla.  It  is  clear  that 
the  clinical  picture  may  arise  from  more  than  one 
craniofacial  pattern,  and  that  areas  distant  from 
the  mandible  may  be  the  sites  of  growth  disturb¬ 
ance.  Despite  its  continuing  value  as  a  clinical 
descriptive  term,  mandibular  prognathism  is  a 
positive  misnomer  in  some  cases  and  at  the  least 
misapplied  in  others. 

PATTERN  MATCHING 

Another  approach  to  the  use  of  the  cephalo¬ 
metric  X-ray  in  case  evaluation  is  through 
pattern  matching.  This  simple  and  rapid  visual 
technique  depicts  craniofacial  relationships  with¬ 
out  regard  for  specific  angular  and  linear  meas¬ 
urements.  It  is  based  on  the  construction  of  a 
diagram  that  connects  selected  landmarks  chosen 
by  the  investigator  or  clinician.  Diagrams  are 
familiar  in  orthodontics  (Bjork,  1947;  Margolis, 
1947)  although  they  have  not  been  used  for 
pattern  matching. 

The  technique  that  we  have  developed  employs 
a  diagram  constructed  on  the  cephalogram 
tracing  using  the  following  landmarks  and 
planes :  nasion,  sella,  gonion  (intersection  of 
tangents  to  the  posterior  border  of  the  ramus  and 
to  the  lower  border  of  the  mandible),  mandibular 
plane,  nasion-pogonion  line,  and  the  points 
prosthion  and  infradentale.  Control  diagrams 
are  required  for  comparison  standards,  and  these 
we  obtained  from  cephalogram  tracings  of  25 
male  and  25  female  adult  subjects  who  had 


untreated  Angle  Class  I  occlusion.  Three 
average  polygons  were  constructed:  one  for  the 
female  sample,  one  for  the  male  sample,  and  a 
combined  male/female  diagram  {Fig.  7).  Separ¬ 
ate  male  and  female  polygons  are  required  in 
assessing  pattern  differences  in  individual  patients, 
as  the  diagrams  differ  substantially. 

Pattern  Matching  in  Differential  Diagnosis 

The  model  of  mandibular  prognathism  pro¬ 
vided  a  convenient  means  of  testing  the  clinical 


Fig.  9. — Polygons  of  the  three  most  common 
types  of  prognathism  superimposed  at  apex  S. 
— ,  Type  I. - ,  Type  II . ,  Type  III. 


usefulness  of  pattern  matching.  Our  working 
hypothesis  was  predicated  on  the  research 
findings,  which  had  suggested  that  different 
morphological  combinations  could  produce  a 
similar  clinical  picture  in  this  condition.  Starting 
with  the  clinical  definition,  then,  we  wished  to 
answer  two  questions:  first,  how  many  different 
patterns  of  mandibular  prognathism  exist,  and, 
secondly,  the  frequency  with  which  each  occurs. 

Cephalometric  roentgenograms  of  51  adult 
individuals  who  met  our  clinical  criteria  for 
mandibular  prognathism  (i.e.,  facial  disfigure¬ 
ment  plus  Class  III  occlusion)  were  available  for 
study.  The  polygon  diagram  of  each  individual 
subject  was  matched  against  the  appropriate 
male  or  female  control  pattern  and  variations  in 
craniofacial  pattern  were  identified  by  inspec¬ 
tion.  These  variants  were  divided  into  separate 
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Fig.  10. — A  case  of  Type  I  prognathism.  A,  Superimposed  pre-  and  postoperative  cephalograms.  B,  Pre¬ 
operative  profile.  C,  Postoperative  profile. 


Fig.  11. — A  case  of  Type  II  prognathism.  A,  Preoperative  cephalogram.  B,  Postoperative  cephalogram. 
C,  Facial  profile  at  age  12  years.  D,  Preoperative  facial  profile  at  age  21  years.  E,  Postoperative  facial 
profile. 
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categories  on  the  basis  of  differences  in  the  angle  the  apex  S.  The  frequencies  of  each  type  varied 
nasion-sella-gonion.  Another  measure  might  substantially. 

have  been  used  as  a  reference,  but  this  particular  In  Type  I  (approximately  50  per  cent  of  the 
angle  was  selected  as  having  potential  value  in  sample)  the  apex  angle  is  acute,  the  SN  length  is 


Fig.  12. — A  case  of  Type  IV  prognathism.  A,  Preoperative  cephalogram  with — patient’s  polygon  and 
- control  polygon.  B,  Postoperative  cephalogram.  C,  Preoperative  profile.  D,  Postoperative  profile. 


separating  subjects  with  mandibular  prog¬ 
nathism  from  one  another  because  multivariate 
analysis  had  indicated  the  importance  of  the  SN 
measure  in  the  pathogenesis  of  the  condition. 

Five  distinctly  different  craniofacial  patterns  of 
mandibular  prognathism  were  determined,  based 
on  rotational  movement  of  the  polygon  around 


short,  and  NPr  falls  behind  the  N-pogonion 
plane  {Fig.  8  A).  Type  II  (20  per  cent)  shows  a 
much  more  acute  apex  angle,  NPr  is  behind  the 
N-pogonion  plane,  and  the  SN  length  is  similar 
to  that  of  the  control  diagram  (Fig.  8B).  In 
contrast,  it  is  the  apex  angle  in  Type  III  (20  per 
cent)  that  is  similar  to  the  control  pattern,  the 
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SN  length  being  short,  and  NPr  being  posterior 
to  N-pogonion  (Fig.  8C).  Type  IV (>5  per  cent) 
is  unusual:  NPr  is  ahead  of  N-pogonion,  SN 
and  the  mandible  are  both  relatively  long,  and 
the  apex  angle  is  acute  (Figs.  8D,  12).  The  least 
frequent  pattern  is  Type  V  (<5  per  cent),  in 
which  the  SN  and  mandible  length  are  short,  and 
NPr  is  behind  N-pogonion  (Fig.  8E).  The  apex 
angle  is  similar  to  that  of  the  control  diagram.  In 
all  types  the  gonial  angle  is  obtuse.  The  three 
types  most  commonly  found  (I,  II,  III)  account 
for  90  per  cent  of  our  sample  and  show  widely 
different  polygon  patterns  (Figs.  9,  10,  11). 

While  the  clinical  usefulness  of  differential 
diagnosis  through  pattern  matching  remains  to  be 
explored  more  intensively,  the  present  findings 
suggest  that  different  strategies  for  treatment 
(i.e.,  different  surgical/orthodontic  approaches) 
may  have  to  be  developed  to  meet  particular 
needs.  Comparison  of  preoperative  and  post¬ 
operative  patterns  in  a  series  of  patients  with 
mandibular  prognathism  who  have  been  cor¬ 
rected  by  a  variety  of  surgical  procedures  is  in 
progress  in  our  laboratory.  Preliminary  results  of 
this  work  indicate  that  the  pattern-matching 
technique  will  prove  useful  both  in  diagnosis  and 
in  the  systemic  evaluation  of  craniofacial  changes 
brought  about  by  surgical  treatment. 

SUMMARY 

Facial  deformities  present  complex  problems 
in  diagnosis  and  treatment  planning  that  chall¬ 
enge  the  most  experienced  clinician.  Using 
mandibular  prognathism  as  a  model  of  a  well- 
defined  clinical  condition,  research  findings  have 
been  applied  to  the  clinical  differential  diagnosis 
of  this  deformity.  Five  discrete  types  of  mandibu¬ 
lar  prognathism  have  been  defined  by  the  tech¬ 
nique  of  cephalometric  pattern  matching,  and  the 
relative  incidence  of  each  determined.  Pattern 
matching  appears  potentially  useful  both  in  case 
analysis  and  in  the  evaluation  of  post-treatment 
changes  in  facial  proportions. 
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CHARACTERISTICS  OF  SUPERNUMERARY 
TEETH  IN  THE  PRIMARY  AND 
PERMANENT  DENTITION 


G.  S.  TAYLOR,  B.D.S.,  F.D.S.,  D.Orth. 

Bristol  Dental  Hospital  and  South  West  Regional  Hospital  Board 


It  is  well  known  that  supernumerary  teeth  occur 
more  frequently  in  the  permanent  dentition  than 
in  the  primary  dentition.  The  literature  relating 
to  supernumerary  teeth  consists  mainly  of  clinical 
descriptions  and  it  is  difficult  to  assess  the  fre¬ 
quency  of  this  anomaly.  It  may  be  that  super¬ 
numerary  teeth  in  the  primary  dentition  have 


A 


Fig.  1. — Case  1.  A,  Erupted  primary  supple¬ 
mental  lateral  incisors.  B,  Radiographs  showing 
primary  and  permanent  supplemental  lateral 
incisors.  C,  Permanent  supplemental  lateral 
incisors  about  to  erupt. 

less  effect  upon  adjacent  teeth  than  do  supernum¬ 
erary  teeth  in  the  permanent  dentition,  and  they 
may  erupt  and  be  exfoliated  without  having  been 
noticed  by  parents.  Spacing  which  is  frequently 
present  in  the  primary  dentition  may  allow  extra 
teeth  to  be  accommodated  without  producing 
irregularity.  Many  children  reach  the  age  at 
which  their  permanent  incisors  have  erupted 
before  they  have  a  dental  examination. 

Grahnen  and  Granath  (1961)  assessed  the 
frequency  of  supernumerary  teeth  in  the  primary 
dentition  as  0-3  per  cent.  A  further  study  by 
Grahnen  and  Lindahl  (1961)  found  the  frequency 
in  the  permanent  dentition  to  be  between  1*7 
and  3T  per  cent. 


Several  writers  refer  to  the  fact  that  super¬ 
numerary  teeth  may  be  present  in  both  the  pri¬ 
mary  and  the  secondary  dentitions  of  the  same 
patient  but  few  details  are  given.  Grahnen  and 
Granath  (1961)  record  20  patients  having  super¬ 
numerary  teeth  in  the  primary  dentition.  In  6  of 
their  patients,  supernumerary  teeth  were  found  in 


B 


C 


the  corresponding  region  in  the  permanent 
dentition.  Further,  more  detailed  accounts  of 
supernumerary  teeth  in  both  the  primary  and 
permanent  dentitions  of  8  patients  were  des¬ 
cribed  by  Templar  Barritt  (1942),  Munroe  (1952), 
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Townend  (1953),  Robertson  (1962),  and  Duffy 
(1963). 

Supernumerary  teeth  occur  most  frequently 
in  the  maxillary  incisor  region.  Stafne  (1932) 
examined  48,550  consecutive  dental  patients  and 


Several  methods  of  classifying  supernumerary 
teeth  have  been  suggested.  Howard  (1967)  does 
so  on  the  basis  of  their  shape.  He  divides  super¬ 
numeraries  into  four  categories;  small  peg¬ 
shaped  or  conical  teeth;  barrel-shaped  teeth, 


Fig.  2. — Case  2.  A,  Erupted  primary  supplemental  lateral  incisor  and  unerupted  conical  supernumerary 
distal  to  12.  B,  Occlusal  radiograph  showing  retention  of  Jab,  delayed  eruption  of  [12,  and  a  super¬ 
numerary. 


C 


found  500  supernumerary  teeth,  246  of  which  were 
associated  with  upper  central  and  lateral  in¬ 
cisors.  Lind  (1959),  in  a  sample  of  1716  patients 
who  had  been  referred  to  an  orthodontic  clinic, 
found  60  supernumerary  teeth,  of  which  49  were 
associated  with  either  the  upper  central  or  lateral 
incisors. 
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B 


Fig.  3.— Case  3.  A,  Erupted  midline  primary 
supplemental  incisor  and  unerupted  midline 
supernumerary  tooth  at  19  months.  B,  Typical 
presentation  appearance  of  patient  aged  9  years 
9  months  with  retention  of  M  and  delayed  erup¬ 
tion  due  to  a  supernumerary  tooth.  C,  Retained 
A[  and  supplemental  central  incisor. 


that  are  invaginated  and  tuberculate;  odontomes, 
having  no  regular  shape;  and  incisiform  teeth. 
This  last  category  of  supernumerary  tooth 
closely  resembles  adjacent  teeth  and  the  teeth  are 
often  called  ‘  supplemental  ’. 

Magnusson  (1959)  found  that  primary  super¬ 
numerary  teeth  were  usually  normal  in  shape  and 
thus  they  can  be  regarded  as  supplemental,  and 
that  the  upper  lateral  incisor  region  was  particu¬ 
larly  affected.  The  work  of  Howard  (1967)  and 
Foster  and  Taylor  (1969)  shows  that  permanent 
supernumerary  teeth  exhibit  greater  variety  in 
shape  and  position. 


The  purpose  of  this  communication  is  to  pre¬ 
sent  details  of  1 1  patients  having  supernumerary 
teeth  in  both  the  primary  and  permanent  denti¬ 
tions.  Five  patients  are  described  in  greater  detail. 
The  relationships  between  these  teeth  are  discuss¬ 
ed  and  compared  with  similar  cases  reported  in 
the  literature. 


lateral  incisor.  A  radiograph  (Fig.  2A)  showed  the 
erupted  supplemental  lateral  incisor  and  the  crown  of 
an  unerupted  supernumerary  tooth  forming  adjacent 
to  the  permanent  lateral  incisor.  Contact  was  lost 
with  the  patient  and  therefore  no  treatment  was 
carried  out  at  this  stage. 

The  girl  was  again  referred  when  aged  7  years 
and  3  months.  This  time  her  parents  were  worried 


Fig.  4. — Case  4.  A  and  B,  Radiographs  showing  erupted  primary  and  unerupted  permanent  supernumerary 

lateral  incisors.  C,  Palatal  eruption  of  supplemental  lateral  incisors. 


CASE  REPORTS 

Case  1 

The  patient,  a  boy  aged  6  years  and  2  months, 
presented  with  primary  supernumerary  lateral 
incisors.  Fig.  1A  shows  the  supernumerary  teeth  to 
be  a  similar  shape  to  the  erupted  primary  lateral 
incisors  and  they  can  therefore  be  classified  as  supple¬ 
mental  teeth.  Radiographs  (Fig.  IB)  taken  at  this 
time  showed  further  supernumerary  teeth  super¬ 
imposed  over  the  unerupted  permanent  central 
incisors.  A  radiograph  (Fig.  1C)  taken  at  10  years 
showed  these  two  supernumerary  teeth  about  to  erupt 
between  the  erupted  permanent  central  and  lateral 
incisors.  Following  their  eruption  these  teeth  resem¬ 
bled  the  erupted  lateral  incisors  and  were  supple¬ 
mental  in  type.  The  supernumerary  teeth  in  the 
permanent  dentition  were  removed  and  the  remaining 
incisors  were  alined. 

Case  2 

A  girl,  aged  4  years  2  months,  was  referred  because 
of  an  erupted  primary  supernumerary  upper  left 


because  of  an  apparent  delay  in  eruption  of  the 
permanent  left  central  incisor. 

A  radiograph  (Fig.  2B)  revealed  the  conical-shaped 
crown  of  a  supernumerary  tooth  developing  distal  to 
the  permanent  lateral  incisor.  The  supernumerary 
and  retained  primary  teeth  were  removed  and  the 
upper  left  central  incisor  erupted  subsequently. 

Case  3 

A  girl,  aged  19  months,  had  an  erupted  supplemen¬ 
tal  tooth  between  aja.  a  radiograph  (Fig.  3A) 
showed  both  the  erupted  primary  supplemental  tooth 
and  a  developing  permanent  supernumerary  tooth. 
The  primary  supplemental  tooth  was  extracted. 

The  patient  was  next  seen  when  aged  9  years  and 
9  months  and  was  referred  because  of  delayed  erup¬ 
tion  of  the  upper  right  central  incisor  (Fig.  3B).  An 
occlusal  radiograph  (Fig.  3C)  confirmed  the  presence 
of  the  central  incisor  but  showed  its  path  of  eruption 
to  be  blocked  by  a  supernumerary  tooth.  Following 
the  removal  of  the  supernumerary  tooth  it  was  found 
to  be  a  supplemental  central  incisor. 
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Case  4 

A  girl,  aged  4  years  10  months,  presented  with 
erupted  primary  supplemental  lateral  incisors. 
Radiographs  (Fig.  4A,  B)  revealed  bilateral  super¬ 
numerary  teeth  developing  adjacent  to  the  permanent 
lateral  incisors.  No  treatment  was  carried  out  until 
the  patient  was  8  years  old,  when  the  erupted  supple¬ 
mental  lateral  incisors  were  removed  (Fig.  4C). 


authors  are  contained  in  Table  II.  These  details 
have  been  combined  and  examined  to  reveal  the 
characteristics  of  supernumerary  teeth  occurring 
in  both  the  primary  and  permanent  dentitions. 

The  sex  distribution  of  the  patients  in  Tables  I 
and  II  (13  males  and  6  females)  is  consistent  with 
the  usual  finding  of  a  greater  number  of  super- 


Fig.  5. — Case  5.  A,  Occlusal  radiograph  showing  geminated  1AA  and  supernumerary  tooth  superimposed 

over  unerupted  M.  B,  Unerupted  M  and  associated  supernumerary. 


Case  5 

A  boy,  aged  9  years  9  months,  presented  with 
delayed  eruption  of  the  permanent  upper  left  central 
and  lateral  incisors.  The  primary  lateral  incisor  was 
retained  together  with  a  geminated  primary  central 
incisor.  A  radiograph  (Fig.  5A)  showed  both  the 
extent  of  the  gemination  and  also  the  presence  of  a 
supernumerary  tooth  overlying  the  unerupted  left 
central  incisor  (Fig.  5B).  The  geminated  central  incisor 
and  the  primary  lateral  incisor  were  extracted  and  the 
unerupted  supernumerary  was  removed  surgically. 
Eruption  of  the  delayed  incisors  occurred  rapidly 
without  further  treatment. 

The  supernumerary  tooth  was  conical  in  shape  and 
showed  little  evidence  of  any  root  formation.  Follow¬ 
ing  their  eruption  both  the  permanent  upper  left 
central  and  lateral  incisors  were  of  normal  shape  and 
size. 


DISCUSSION 

Table  I  summarizes  the  main  features  of  the  11 
new  patients  reported  in  this  paper.  Details  of 
the  patients  previously  described  by  other 
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numerary  teeth  in  males.  Lind  (1959)  reports  a 
2  :  1  ratio  of  males  to  females  for  supernumerary 
teeth. 

In  the  primary  dentition  18  erupted  supple¬ 
mental  upper  lateral  incisors  were  recorded  in 
14  patients,  and  11  of  these  patients  had  13 
supplemental  upper  lateral  incisors  in  the 
permanent  dentition.  Five  primary  supple¬ 
mental  lateral  incisors  were  thus  not  followed  by 
permanent  supplemental  teeth,  but  in  3  instances 
a  conical  supernumerary  was  found  on  a  radio¬ 
graph  of  the  patient  and  in  another  case  insuffi¬ 
cient  calcification  had  occurred  to  be  sure  of  the 
eventual  shape.  Therefore  only  1  primary 
supplemental  tooth  was  not  followed  by  a 
secondary  supernumerary  of  some  type. 

The  patient  previously  reported  by  Munroe 
(1952)  as  having  a  primary  supplemental  tooth 
distal  to  the  primary  upper  right  canine  and  with 
a  history  of  extraction  of  a  similar  tooth  from 
the  opposite  side  showed  on  the  radiographs  the 
presence  of  upper  lateral  supplemental  incisors  in 
the  permanent  dentition. 


One  patient  had  a  single  primary  supplemental 
upper  central  incisor  and  this  was  followed  by  a 
permanent  supplemental  central  incisor.  The 
patient  presenting  with  the  geminated  primary 
central  incisor  had  a  conical  supernumerary  in 
the  permanent  dentition. 


It  is  interesting  to  speculate  how  this  develop¬ 
mental  anomaly  arises.  The  atavistic  theory 
suggests  that  supernumerary  teeth  represent  a 
reversion  to  the  dentition  of  ancestral  creatures. 
Although  this  theory  no  longer  enjoys  wide¬ 
spread  support  the  dental  formula  of  the  typical 


Table  I. — Summary  of  New  Cases 


Sex 

Primary  Dentition 

Permanent  Dentition 

Position 

Type 

Position 

Type 

M. 

BSA|ASB 

Supplemental  lateral 
incisor 

2s  1 1 1 s2 

Supplemental  lateral 
incisor 

F. 

|AB* 

Supplemental  lateral 
incisor 

Unerupted 

|2S 

Conical  crown  on 
radiograph 

F. 

As|A 

Supplemental  central 
incisor 

Unerupted 

ls|l 

Supplemental  central 
incisor 

F. 

BsA|AsB 

Supplemental  lateral 
incisor 

s2 1 | 12s 

Supplemental  lateral 
incisor 

M. 

1 ABS 

Supplemental  lateral 
incisor 

1 12s 

Supplemental  lateral 
incisor 

M. 

BSA| 

Supplemental  lateral 
incisor 

Unerupted 
s2 1 1 

Supplemental  lateral 
incisor 

M. 

BSA|ASB 

Supplemental  lateral 
incisor 

Unerupted 

2s  1 1 1  s2 

Supplemental  lateral 
incisor.  2|  crown 
appears  conical  on 
radiograph 

M. 

|  ASB 

Supplemental  lateral 
incisor 

Unerupted 

1 1  s2 

Supplemental  lateral 
incisor 

M. 

|  ASB 

Supplemental  lateral 
incisor 

Unerupted 
|  ls2 

Supplemental  lateral 
incisor 

M. 

|  ASB 

Supplemental  lateral 
incisor 

Unerupted 
|  ls2 

Supplemental  lateral 
incisor 

M. 

|  AA.B 

Geminated  central 
incisor 

Unerupted 
|  ls2 

Conical  crown  on 
radiograph 

Two  patients  had  supplemental  lower  lateral 
incisors,  the  condition  being  bilateral  in  1  case. 
All  3  primary  supplemental  teeth  were  followed 
by  supplemental  lower  lateral  incisors. 

Analysis  of  Tables  I  and  II  confirms  that 
supernumerary  teeth  may  be  present  in  both  the 
primary  and  permanent  dentitions  of  the  same 
patient.  The  primary  supernumerary  teeth  are 
commonly  supplemental  in  type,  and  in  this 
series  of  patients  24  primary  supplemental  teeth 
were  followed  by  19  permanent  supplemental 
teeth  in  the  corresponding  region.  No  other 
dental  anomalies  were  recorded  in  these  patients, 
but  it  must  be  borne  in  mind  that  some  of  the 
patients  were  as  yet  too  young  to  be  certain  that 
further  anomalies  may  not  become  evident. 


mammalian  dentition  34T A] 3~i^3  ^e§^ns  to  resem" 

ble  a  patient  with  supplemental  incisors. 

A  more  likely  theory  is  that  an  extra  tooth  germ 
arises  directly  from  the  dental  lamina  and  gives 
rise  to  a  series  of  supplemental  teeth.  Develop¬ 
ment  proceeds  normally  and  a  successional  tooth 
arises  lingual  to  the  primary  supplemental  enamel 
organ.  This  theory  offers  the  best  explanation  for 
supernumerary  teeth  of  the  same  shape  and  size 
and  showing  the  same  degree  of  development  as 
the  adjacent  normal  teeth. 

A  third  possible  explanation  is  that  the  tooth 
germ  may  undergo  dichotomy.  If  the  split  is 
equal,  supplemental  teeth  are  formed,  and  if  it  is 
unequal  a  normal  tooth  together  with  a  diminutive 
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Table  II. — Summary  of  Cases  presented  by  Other  Authors 


Author 

Sex 

Primary  Dentition 

Permanent  Dentition 

Position 

Type 

Position 

Type 

Townend 

(1953) 

M. 

BSA| 

Supplemental  lateral 
incisor 

Unerupted 

2s  1 1 

Supplemental  lateral 
incisor 

M. 

B*A| 

Supplemental  lateral 
incisor 

Unerupted 

2s  1 1 

Supplemental  lateral 
incisor 

Templar  Barritt 
(1942) 

F. 

|ASB 

Supplemental  lateral 
incisor 

Unerupted 
|  is2 

Crown  conical  on 
radiograph 

Duffy  (1963) 

F. 

pB 

Supplemental  lateral 
incisor 

Unerupted 

]U2 

Supplemental  lateral 
incisor 

Munroe  (1952) 

M. 

BSA|ASB 

Supplemental  lateral 
incisor 

Unerupted 

|2S 

Insufficient 

calcification 

M. 

Erupted  distal  to 

Cl —  history  of 
tooth  distal  to  \£ 

Supplemental  canine 

Unerupted 

2s  1 1 1 s2 

Supplemental  lateral 
incisor 

Robertson 

(1962) 

F. 

BS1|1SB 

Supplemental  lateral 
incisor 

Unerupted 

2s 1 | ls2 

Supplemental  lateral 
incisor 

M. 

|A*B 

Supplemental  lateral 
incisor 

Unerupted 

|ls2 

Supplemental  lateral 
incisor 

tooth  is  formed.  This  may  possibly  explain  the 
formation  of  the  conical  type  of  supernumerary 
tooth. 

Gemination  may  arise  either  as  incomplete 
dichotomy  of  a  tooth  germ  or  from  the  fusion  of  a 
normal  tooth  germ  with  that  of  a  supernumerary 
or  adjacent  tooth. 

SUMMARY 

Eleven  patients  with  supernumerary  teeth 
present  in  both  the  primary  and  permanent 
dentitions  are  presented  and  compared  with  8 
similar  cases  reported  elsewhere.  The  results 
show  that  the  maxillary  lateral  incisor  region  is 
most  frequently  affected  and  that  the  teeth  are 
commonly  supplemental  in  type. 
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THE  RELATION  BETWEEN  ORTHODONTIC 
SPRING  FORCE  AND  SPACE  CLOSURE 


J.  J.  CRABB,  B.D.S.,  F.D.S.,  D.Orth.  R.C.S. 

H.  J.  WILSON,  M.Sc.Tech.,  Ph.D.,  F.R.I.C. 

The  Dental  School Birmingham  University 

The  application  of  spring  force  and  subsequent 
tooth  movement  has  been  studied  by  many 
workers.  The  experiments  of  Schwartz  (1932) 
suggested  that  the  optimum  force  should  not  be 
greater  than  capillary  blood-pressure.  This  is 
usually  between  1 5  and  20  mm.  Hg  and  is 
equivalent  to  a  pressure  of  20-26  g.  per  cm.2 
root  surface.  Further,  all  forces  should  be 
measured  and  if  kept  within  the  suggested  range 
should  move  teeth  at  about  the  rate  of  1  mm.  per 
month,  although  there  is  much  individual 
variation. 

Oppenheim  (1942)  suggested  using  light  forces 
with  frequent  periods  of  rest,  whilst  Hemley 
(1955)  stated  that  the  force  exerted  should  not 
be  through  a  distance  greater  than  the  width 
of  the  periodontal  ligament.  The  classic  histo¬ 
logical  studies  of  Reitan  (1956)  are  well  known, 
and  he  suggested  that  whereas  an  initial  force  as 
low  as  25  g.  should  be  applied  to  adult  teeth  it 
was  possible  to  increase  this  to  30-40  g.  in 
younger  patients.  After  this  stage  the  force 
could  be  increased  to  a  maximum  of  100-150  g. 

Until  quite  recently  standard  British  textbooks 
were  unanimous  in  recommending  a  pressure  of 
20-25  g.  per  cm.2  root  surface,  a  figure  in  agree¬ 
ment  with  the  findings  of  Schwartz  (1932). 
Tulley  and  Campbell  (1965)  stated:  ‘  Practically 
speaking  a  pressure  of  20-25  g.  can  be  applied 
to  a  single  rooted  tooth  with  a  root  area  of 
approximately  1  sq.  cm.  ’,  but  in  their  new 
revised  edition  (1970)  they  have  discarded  the 
description  of  root  area,  possibly  influenced  by 
the  recent  work  of  Bass  and  Stephens  (1970). 
In  their  prize  essay  which  was  read  before  our 
Society,  Bass  and  Stephens  mentioned  the 
difficulty  of  interpreting  the  original  statement 
in  the  light  of  information  provided  by  Kantoro- 
witz  (1963).  The  average  root  areas  for  maxillary 
canines  was  given  as  2-665  cm.2  but  there  was 
no  indication  as  to  whether  the  roots  were 
completely  or  incompletely  formed.  In  the 
discussion  following  the  paper  by  Bass  and 
Stephens  (1970)  Tulley  suggested  that  the  relevant 
root  area  was  the  face  of  the  tooth  which  was 


moving,  that  is,  the  projected  root  area.  Walther 
(1967)  suggested  that  for  tipping  movements  a 
very  light  force  should  be  applied  initially  and 
that  this  could  be  increased  to  about  50  g.  for  a 
single  rooted  tooth. 

The  difficulty  of  selecting  the  correct  force  to 
move  a  tooth  was  emphasized  by  Storey  and 
Smith  (1952),  who  found  that  bodily  movement  of 
mandibular  canine  teeth  was  achieved  satis¬ 
factorily  with  forces  as  high  as  135-300  g. 
Burstone  (1962)  also  noted  similar  rates  of  tooth 
movement  produced  by  different  forces,  but  both 
these  papers  dealt  with  fixed  appliances  and  their 
results  must  be  applied  with  caution  to  removable 
appliances.  Bien  (1967)  reported  that  the  duration 
of  a  force  applied  was  more  important  than  the 
absolute  magnitude  of  the  force  itself.  However, 
his  experiments  were  conducted  on  animals. 

Adams  (1970)  found  that  in  practice  a  force  of 
20  g.  could  be  increased  for  larger  teeth  such  as 
molars  and  canines,  but  although  high  pressures 
will  produce  tooth  movement  the  rate  may  not  be 
greater  than  with  low  pressures.  Atherton  (1964) 
calculated  the  rate  at  which  teeth  were  moved 
distally  by  springs  on  removable  appliances  but 
‘  made  no  attempt  to  correlate  the  tension  applied 
to  the  speed  of  the  tooth  movement  *.  Using 
O-55-mm.  palatal  springs  on  upper  canines  the 
force  applied  varied  between  40  and  100  g.  The 
mean  rate  of  tooth  movement  was  0-0562  mm. 
per  day.  Such  a  rate  suggests  a  movement  of 
some  1-5  mm.  per  28  days,  which  is  somewhat 
higher  than  the  more  generally  accepted  rate  of 
1  mm.  per  month. 

In  their  review  of  the  literature  Bass  and 
Stephens  (1970)  concluded:  ‘  It  is  evident,  there¬ 
fore,  in  the  absence  of  any  satisfactory  experi¬ 
mental  clinical  study  of  the  effect  of  forces 
applied  by  springs  carried  on  removable  appli¬ 
ances,  that  “  clinical  experience  ”  is  still  the  only 
guide.’  Further  they  state  that  if  one-third  of 
the  width  of  the  tooth  is  taken  as  the  correct 
degree  of  activation  for  a  spring  then  the  magni¬ 
tude  of  the  force  will  depend  on  which  tooth  is 
being  moved.  Horowitz  and  Hixon  (1966)  quote 


Presented  at  a  meeting  held  on  March  8,  1971. 
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the  mean  mesiodistal  diameter  of  maxillary 
canines  as  7-8  mm.,  a  figure  in  close  agreement 
with  our  mean  value  of  7-7  mm. 

The  present  investigation  sets  out  to  relate  tooth 
movement  to  a  force  applied  using  one  particular 
tooth  (the  upper  canine),  different  force  ranges, 
and  a  selected  age-group.  The  forces  were 


measured  in  Newtons,*  the  Newton  (N)  being 
the  unit  of  force  in  the  S.I.  (Systeme  Inter¬ 
nationale)  system  of  units.  Additionally,  work 
was  done  in  the  laboratory  to  determine  the 
relationship  of  spring  force  with  deflexion. 

MATERIALS  AND  METHODS 

Twenty  patients  with  a  mean  age  of  11  years 
9  months  were  selected  from  the  orthodontic 
waiting  list,  each  patient  having  a  Class  II, 
division  1  occlusion  requiring  treatment,  with 
all  upper  premolars  and  canines  fully  erupted. 
As  part  of  a  common  treatment  plan,  upper  first 
premolars  were  extracted  and  distal  movement 
of  the  upper  canines  was  undertaken. 

The  patients  were  divided  into  three  groups 
and  a  different  force  was  used  on  each  group: 


*1  Newton  is  equivalent  to  approximately  100  g. 
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0-3,  04,  and  0-5  N.  Upper  removable  appliances 
were  fitted  to  all  patients,  and  distal  movement 
of  the  canines  was  achieved  by  using  0-5-mm. 
diameter,  hard,  stainless-steel  wire  from  one  reel 
(K.  C.  Smith  and  Co.)  in  the  form  of  palatally 
approaching  cantilever  springs,  as  described  by 
Adams  (1970)  and  in  other  texts.  All  the  springs 


Fig.  2. — Spacer  and  feeler  gauges. 


Load  (g.) 

Fig.  4. — Variation  of  load  with  deflexion  for  a 
2  cm.  long  spring  of  0-5  mm.  diameter  containing 
a  coil  of  internal  diameter  2-77  mm.  The  outer 
lines  refer  to  one  standard  deviation. 

were  made  using  a  spring-forming  machine 
similar  to  that  used  by  Bass  and  Stephens  (1970). 
The  diameter  of  the  shank  of  the  straight  bur  used 
as  a  spindle  was  2-33  mm.,  producing  springs 
with  a  coil  of  mean  internal  diameter  2-77  mm. 
Similar  springs  were  made  for  the  laboratory 


experiments.  Care  was  taken  to  ensure  that 
after  formation  of  the  coil  the  two  straight  limbs 
were  in  line.  The  length  of  the  spring  for  each 
patient  was  2  cm.  (Fig.  1)  and  all  canines  were 
easily  accessible  to  the  springs 

Retention  of  the  appliance  depended  on  Adams 
clasps  on  the  first  molars,  accessory  clasps  on 


Fig.  5. — Measurement  of  force  exerted  by  spring. 


the  second  premolars,  and  a  double  clasp  on 
the  central  incisors.  A  flat  anterior  bite  platform 
served  to  reduce  the  overbite  and  to  prevent 
occlusal  interference  from  the  posterior  teeth. 
Patients  were  fitted  with  their  appliances  before 
extractions  to  avoid  drifting  of  teeth,  and  activa¬ 
tion  of  the  springs  was  performed  at  the  next  visit. 
It  was  not  possible  to  maintain  a  constant  time 
interval  between  extractions  and  activation. 

The  amount  of  space  closure  between  the  upper 
canines  and  the  second  premolars  at  each  visit  was 
measured  using  standard  spacer  and  feeler  gauges, 
as  shown  in  Fig.  2.  Measurement  of  the  forces 
applied  initially  and  at  the  second  and  subsequent 
visits  was  made  using  a  force-measuring  probe. 
This  was  constructed  of  stainless  steel,  onto  which 


was  cemented  two  silicon  strain  gauges,  one  on 
either  side  of  a  reduced  section  to  compensate 
for  temperature  changes.  The  gauges  formed 
part  of  a  Wheatstone-bridge  circuit,  the  output 
from  which  was  related  to  the  force  applied 
to  the  end  of  the  probe.  This  output  was  re¬ 
corded  on  a  ultra-violet  recorder.  Calibration 


Fig.  6. — Calibration  of  force  probe. 


0  0-1  0-2  0-3 

Force  (N) 


Fig.  8. — Typical  traces  obtained  showing  original 
activation  force  above  and  residual  force  below. 

of  the  probe  by  static  loading  indicated  that  the 
output  was  linear  over  the  range  used. 

An  alternative  method  of  measuring  spring 
force  is  by  the  use  of  a  Correx  gauge*  with  a  range 
of  0-50  g.  The  accuracy  of  this  gauge  was 
established  by  static  loading  and  was  found  to 
read  5  per  cent  below  the  true  reading. 

At  the  first  visit  following  the  extractions  the 
spaces  between  the  canines  and  premolars  were 
measured  (Fig.  3)  and  the  springs  were  then 
activated  until  the  required  force  was  exerted. 
In  practice  it  was  obviously  impossible  to  produce 
a  force  of  exactly  0-3,  0-4,  or  0-5  N,  and  a  toler¬ 
ance  of  ±0  02  N  was  accepted.  In  order  to  give 
some  indication  of  the  amount  of  deflexion 
necessary  the  variation  of  load  with  deflexion 
was  compiled.  This  was  obtained  when  a  spring 
2  cm.  long  was  progressively  loaded  to  a  maxi¬ 
mum  deflexion  of  5  mm.  (Fig.  4).  The  values 
obtained  are  in  close  agreement  with  those 
obtained  by  Bass  and  Stephens  (1970). 


^Supplied  by  James  W.  Carr  &  Co.  Ltd.,  London. 
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The  force  on  the  canines  was  measured  after 
minimal  deflexion  of  the  free  end  of  the  spring 
mesially  by  the  probe  (Fig.  5).  When  the  probe 
was  subjected  to  load,  one  strain  gauge  was  in 
compression  and  the  other  was  in  tension  so  that 
the  output  was  doubled.  The  change  in  resistance 
of  the  strain  gauges  was  proportional  to  the  load 
applied  and  therefore  the  probe  was  calibrated 


Fig.  9. — Working  model  with  lateral  incisor 
removed  used  to  measure  force  exerted  by  spring 
when  a  lateral  incisor  and  canine  were  in  close 
proximity. 


Fig.  11. — Variation  of  spring  force  and  space 
closure  with  time  for  the  right  side  of  the  same 
patient  as  in  Fig.  10. 


by  static  loading,  as  shown  in  Fig.  6.  The  output 
from  the  transducer  meter  was  fed  into  an  ultra¬ 
violet  recorder,  as  shown  diagrammatically  in 
Fig.  7.  The  type  of  result  obtained  is  illustrated 
in  Fig.  8. 

With  some  patients  the  close  proximity  of  the 
lateral  incisors  to  the  canines  made  it  impossible 
to  measure  the  force  exerted  by  the  spring 
in  the  mouth.  This  was,  therefore,  performed 
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using  the  original  working  model,  as  shown  in 
Fig.  9. 

Patients  were  instructed  in  the  careful  handling 
of  the  appliance  and  were  asked  to  note  the 
day  an  accident  such  as  a  broken  spring  occurred 
or  the  appliance  was  left  out  for  any  reason. 


Time  (days) 

Fig.  10. — Variation  of  spring  force  and  space 
closure  with  time  for  the  left  side  of  a  female 
aged  12  years. 


Fig.  12.— Space  closure  per  month  (lower  bars) 
and  total  space  closure  for  the  same  patient  as 
in  Fig.  10. 


At  the  second  visit,  notes  were  made  of  the 
space  closure,  the  residual  forces  exerted  by  the 
springs,  and  the  new  forces  produced  by  further 
activation  to  the  original  range.  Every  effort 
was  made  to  see  the  patients  every  28  days,  but 
this  was  not  always  possible.  In  one  or  two 
instances  activation  was  delayed  until  this  was 
possible.  Note  was  made  of  distortions,  fractures, 
or  failure  to  wear  appliances. 


RESULTS 

A  typical  result  is  shown  in  Fig.  10,  which  is  of 
the  left  side  of  a  patient  in  the  0-4  N  group.  The 
left  vertical  ordinate  indicates  the  force  and  the 
horizontal  ordinate  the  time.  The  peaks  indicate 
the  first  force  applied  and  the  reactivated  forces 


shown  in  Fig.  11  which  indicates  a  similar  pattern. 
This  time,  however,  the  space  closure  after 
extractions  and  before  activation  of  the  springs, 
had  been  greater,  and  active  treatment  was 
required  for  84  days  to  close  a  space  of  4-5  mm., 
again  achieving  a  mean  rate  of  tooth  movement 


Appliance 
left  out 
for  n  days 


Fig.  13. — Variation  of  spring  force  and  space 
closure  with  time  for  the  left  side  of  a  male  aged 
14  years  3  months. 
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Fig.  14. — Space  closure  per  month  (lower  bars) 
and  total  space  closure  for  the  same  patient  as  in 
Fig.  13. 


Table  I. — Mean  Rate  of  Tooth  Movement  per  28  Days  for  an  Activation 

Force  of  0-3  N 


Patient 

Total  Time  taken 
(days) 

Space  Closure 
(mm.) 

Rate 

(mm.  per  28  days) 

Left 

Right 

Left 

Right 

Left 

Right 

P.E.,  male 

189 

189 

5-2 

5-6 

0-8 

0-8 

Mean  (male) 

0-8 

0-8 

S.B.,  female 

140 

140 

4-3 

51 

0-9 

10 

S.C.,  female 

183 

155 

4-9 

5-9 

0-7 

LI 

D.M.,  female 

127 

127 

6-5 

6-7 

1-4 

1-5 

K.W.,  female 

82 

82 

3-9 

3-7 

1-3 

1-3 

D.W.,  female 

183 

155 

61 

6-5 

0-9 

10 

Mean 

Overall  mean  (male  4 

(female) 

10 

1-4 

-female) 

0-9 

1-1 

at  each  visit,  whilst  the  lower  points  show  the 
residual  forces.  The  right  vertical  ordinate 
indicates  the  amount  of  tooth  movement.  The 
patient  wore  the  appliance  faithfully,  removed 
and  inserted  it  correctly,  did  not  damage  it,  and 
could  attend  every  28  days,  in  short,  a  model 
patient.  The  total  treatment  time  needed  to 
close  a  6-mm.  space  was  112  days,  giving  a  mean 
rate  of  tooth  movement  of  1  -5  mm.  per  28  days. 
Results  for  the  right  side  of  the  same  patient  are 


of  1-5  mm.  per  28  days.  Fig.  12  shows  results 
from  both  sides  of  the  same  patient  and  indicates 
the  space  closure  every  28  days  and  the  total 
amount  of  space  closure  for  successive  months. 

Fig.  13  shows  an  atypical  result  in  the  0-5  N 
group.  No  activation  could  be  performed  at  the 
first  visit  following  the  extractions.  The  patient 
returned  at  the  third  visit  with  the  left  spring 
distorted  so  that  the  force  was  increased,  and  later 
the  appliance  was  left  out  for  an  unspecified 
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number  of  days,  resulting  in  a  reopening  of  the 
space.  Needless  to  say  no  reactivation  of  the 
spring  was  necessary.  The  erratic  rate  of  space 
closure  per  28  days  is  shown  in  Fig.  14,  and  since 
the  patient  could  not  attend  every  28  days  results 
were  obtained  by  extrapolation  from  the  graph. 
The  time  taken  to  close  3-9  mm.  was  147  days, 


that  is,  a  mean  rate  of  tooth  movement  of 
0-7  mm.  per  28  days.  Tables  /,  II,  and  III  show 
the  mean  rate  of  tooth  movement  per  28  days 
for  individual  patients.  One  patient  (S.C.)  frac¬ 
tured  the  left  spring  for  a  period,  which  explains 
the  low  reading.  Such  patients  have  been  in¬ 
cluded  in  the  results,  after  some  thought,  since 


Table  II. — Mean  Rate  of  Tooth  Movement  per  28  Days  for  an  Activation 

Force  of  0-4  N 


Patient 

Total  Time  taken 
(days) 

Space  Closure 
(mm.) 

Rate 

(mm.  per  28  days) 

Left 

Right 

Left 

Right 

Left 

Right 

C.L.,  male 

144 

148 

50 

70 

10 

1-3 

A.M.,  male 

168 

168 

60 

4-6 

10 

0-8 

Mean  (male) 

10 

11 

A.C.,  female 

112 

84 

60 

4-5 

1-5 

1*5 

I.F.,  female 

168 

168 

50 

5-4 

0-8 

0-9 

S.G.,  female 

229 

203 

6-9 

7-4 

0-8 

10 

J.P.,  female 

168 

168 

7-2 

7-2 

1-2 

1-2 

L.T.,  female 

49 

49 

3-2 

2-7 

1-8 

1-5 

Mean 

Overall  mean  (male 

(female) 

1-2 

1-2 

F  female) 

11 

1-2 

Table  III. — Mean  Rate  of  Tooth  Movement  per  28  Days  for  an  Activation 

Force  of  0-5  N 


Patient 

Total  Time  taken 
(days) 

Space  Closure 
(mm.) 

Rate 

(mm.  per  28  days) 

Left 

Right 

Left 

Right 

Left 

Right 

I.F.,  male 

147 

119 

3-9 

3-8 

0-7 

0-9 

D.P.,  male 

158 

158 

7-3 

90 

L3 

1-6 

P.S.,  male 

126 

126 

4-9 

4-7 

11 

10 

Mean  (male) 

10 

1-2 

G.H.,  female 

147 

'  147 

3-7 

3-7 

0-7 

0-7 

J.L.,  female 

133 

133 

4-3 

5-9 

0-9 

1-2 

C.M.,  female 

85 

83 

4-2 

6-3 

1-4 

21 

K.P.,  female 

112 

112 

6-7 

6-6 

1-7 

1-7 

Mean 

Overall  mean  (male 

(female) 

1-2 

1-4 

F  female) 

11 

1-3 
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this  is  what  can  happen  in  practice  with  the 
problems  in  patient  co-operation  and  appliance 
management.  Thus,  final  readings  are  probably 
on  the  low  side.  The  results  of  the  0-4  N  and 
0-5  N  groups  did  not  differ  significantly  from 
those  of  the  0-3  N  group.  In  fact,  there  was 
remarkable  similarity.  Table  IV  shows  the  overall 
mean  rate  of  tooth  movement  for  28  days  for 
different  forces. 

DISCUSSION 

In  any  clinical  experiments  there  are  problems 
relating  to  the  patient  and  his  appliance,  and 
there  is  little  doubt  that  the  length  of  treatment 
is  to  a  large  extent  dependent  on  patient  co¬ 
operation.  Boys  appear  to  be  more  of  a  problem 
than  girls.  For  example,  one  boy  (P.E.)  fractured 
the  left  spring  three  times  and  the  anterior  double 
crib  once.  These  misfortunes  probably  explain 


Time  (days) 

Fig.  15. — Variation  of  spring  force  and  space 
closure  with  time  when  the  spring  was  not 
activated  for  43  days  for  the  right  side  of  a 
female  aged  13  years  2  months. 


given  a  larger  number  of  patients.  Inspection  of 
Table  IV  indicates  that  the  rate  of  space  closure 
is  not  influenced,  to  any  significant  extent,  by 
the  force  of  the  spring,  the  sex  of  the  patient,  or 
the  side  of  the  mouth. 


A 
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Fig.  16. — Method  of  obtaining  angular  and 
linear  measurements  from  lateral  skull  tracings. 


Table  IV. — Mean  Rate  of  Tooth  Movement  per  28  days  for  Different 

Activation  Forces 


Activation  Force 

Sex  of  Subjects 

0-3  N 

0-4  N 

0-5  N 

Left 

Right 

Left 

Right 

Left 

Right 

Male 

0-8 

0-8 

10 

11 

10 

1-2 

Female 

10 

1-4 

1-2 

1*2 

1-2 

1-4 

Male + female 

0-9 

H 

11 

1-2 

1-1 

1-3 

Mean  (left-h 

right  sides) 

10 

11 

1-2 

the  relatively  low  mean  rate  of  tooth  movement 
of  0-8  mm.  per  28  days.  However,  these  experi¬ 
ments  were  performed  on  only  20  patients 
divided  into  three  groups  and  the  results  recorded 
may  only  be  pointers  to  what  might  well  be  true 


The  method  would  seem  to  have  great  potential 
and  be  economically  feasible  if  a  Correx  gauge 
was  used  in  place  of  the  probe.  For  large  numbers 
of  patients  the  gauge  would  save  considerable 
time  but  would  have  to  be  calibrated  frequently. 
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This  work  could  be  extended  to  find,  for  example, 
how  long  a  spring  could  be  left  activated  before 
tooth  movement  ceased,  in  other  words  what  is 
the  best  time  interval  for  activation  purposes. 
No  work  has  yet  been  done  using  OT  N  or  0-2  N 
forces.  There  is  probably  some  critical  force 
range  below  which  tooth  movement  does  not 
occur.  Bass  and  Stephens  (1970)  suggest  this  is 
about  8-10  g.  (OT  N). 

Problems  with  appliances  tended  to  be  confined 
to  the  0-5  N  group.  Three  patients  complained 
of  pain  around  the  canine  teeth  during  the  first 
24  hours  and  most  found  it  difficult  to  insert  the 
appliance  with  the  spring  on  the  mesial  side  of 
the  canines.  In  2  instances  the  spring  was  found 
to  be  on  the  wrong  side  at  the  next  visit  and  the 
space  had  increased  rather  than  decreased.  It 
was  more  difficult  to  produce  the  correct  force 
in  this  group  than  in  the  other  two.  It  was  purely 
a  clinical  impression  that  the  canines  tilted 
appreciably  in  the  0-5  N  group,  but  this  was  not 
measured  either  before  or  after  treatment. 

One  interesting  feature  was  the  amount  of 
tooth  movement  which  took  place  spontaneously 
once  extractions  had  been  done.  In  the  cases 
where  this  was  allowed  to  occur  (Fig.  15)  the  rate 
was  similar  to  that  produced  by  spring  force. 
This  suggests  that  the  patient  need  not  be  seen 
too  early  after  the  extractions,  where  the  springs 
of  the  appliance  are  passive. 

The  problem  of  loss  of  anchorage  was  con¬ 
sidered  throughout  the  experiments.  This  is 
why  space  closure  has  been  considered  and  not 
specific  tooth  movements.  Loss  of  anchorage 
may  well  occur,  particularly  in  the  0  5  N  group, 
and  therefore  lateral  skull  radiographs  were  taken 
of  the  majority  of  the  patients  and  were  traced 
before  and  at  the  end  of  the  experiments  for 
comparison.  Two  measurements  were  taken,  the 
SNI  angle  and  a  linear  measurement  I-X  (Fig. 
16).  No  significant  difference  was  observed  in 
the  readings  before  and  after  treatment.  Growth 
changes  may  influence  the  second  readings  and 
therefore  the  measurements  which  were  taken 
have  their  limitations. 

The  results  shown  diagrammatically  in  Fig.  4 
are  similar  to  those  produced  by  Bass  and 
Stephens  (1970)  and  give  a  good  guide  as  to  the 
amount  of  force  that  is  produced  for  a  given 
deflexion.  Further  work  is  proceeding  using 
coils  the  wrong  way  round,  coils  of  different 
diameter,  and  wires  of  various  thicknesses. 

SUMMARY 

A  reliable  method  has  been  described  to 
measure  orthodontic  forces  applied  by  springs. 
Twenty  patients  were  divided  into  three  groups. 
A  known  force  range  was  applied  to  the  upper 


canines  and  the  space  closure  was  measured  at 
each  visit.  Graphs  were  plotted  and  from  these 
the  rate  of  space  closure  per  28  days  was  calcu¬ 
lated.  The  rates  of  space  closure  within  each 
group  were  not  related  to  sex  or  to  side  of  the 
mouth,  and  there  was  no  significant  difference  in 
rate  between  the  three  groups.  There  appears 
to  be  a  fairly  wide  force  range  within  which 
space  closure  will  occur  at  equal  rates,  all  other 
factors  being  favourable.  However,  despite  the 
similar  rates  of  space  closure  for  different  activa¬ 
tion  forces  there  were  problems  of  appliance 
management  and  tooth  movement  in  the  higher 
force  group.  When  the  activation  force  was 
0-5  N  pain  was  experienced  initially  in  3  patients, 
appliances  tended  to  be  inserted  with  the  spring 
being  displaced  to  the  distal  side,  and  there 
seemed  to  be  much  tilting  distally  of  the  upper 
canines.  Tracings  made  from  lateral  skull 
radiographs  indicated  that  there  was  no  signifi¬ 
cant  anchorage  loss  in  any  of  the  three  groups. 
Load/deflexion  tables  for  standard  springs  are  a 
guide  as  to  how  much  deflexion  is  needed  to 
produce  a  certain  load. 
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THE  UNERUPTED  CANINE 

J.  P.  MOSS,  B.D.S.,  F.D.S.,  D.Orth. 

University  College  Hospital  Dental  School,  London 


The  maxillary  canine  is  one  of  the  most  frequently 
misplaced  teeth  in  the  dental  arch  and  is  second 
only  to  the  third  molar  in  frequency  of  impaction 
(Thoma,  1958).  When  lying  in  an  unfavourable 
position  it  is  a  difficult  problem  for  the  ortho¬ 
dontist,  especially  as  it  is  often  associated  with 
some  loss  of  space,  an  aesthetically  poor  decidu¬ 
ous  canine,  and  a  patient  who  does  not  want  pro¬ 
longed  treatment.  Rohrer  (1929),  Mead  (1930), 
Bass  (1967)  stated  the  incidence  of  this  type  of 
problem  to  be  between  T5  and  2  per  cent  of  all 
orthodontic  cases.  Bass  (1967)  also  investigated 
the  time  required  for  treatment  and  showed  that 
in  90  per  cent  of  the  cases  surgery  was  required 
and  the  duration  of  orthodontic  treatment  was 
from  9  to  21  months.  As  this  is  a  common  and 
often  difficult  problem  where  the  patient  requests 
minimal  treatment,  a  combined  surgical  and 
orthodontic  approach  has  been  advocated. 

In  the  present  paper  the  normal  development 
of  the  canine  and  the  causes  of  non-eruption  of 
this  tooth  will  be  briefly  considered.  The  assess¬ 
ment  of  the  canine  and  methods  of  treatment 
with  special  reference  to  transplantation  will  then 
be  discussed. 


THE  NORMAL  DEVELOPMENT  OF  THE 
CANINE 

Before  consideration  is  given  to  the  abnormal 
position  of  the  canine  the  effects  of  the  normal 
eruption  of  this  tooth  on  the  arch  should  be 
considered.  The  normal  development  of  the 
canine  has  been  admirably  described  by  Broad- 
bent  (1941).  The  upper  canine  commences 
calcification  at  about  4-12  months  after  birth, 
the  crown  being  completed  at  approximately  6-7 
years.  The  tooth  develops  high  in  the  fronto¬ 
nasal  process  of  the  maxilla  near  the  inferior 
border  of  the  orbit.  The  position  of  the  tooth 
at  this  early  stage  is  above  the  roots  of  the 
first  deciduous  molar  and  is  distal  to  the  develop¬ 
ing  lateral  incisor  tooth  which  does  not  usually 
calcify  until  later. 

The  growth  of  the  face  and  jaws  carries  the 
deciduous  teeth  downwards  and  forwards,  making 
further  space  for  the  developing  permanent 
teeth.  The  canine  remains  high  in  the  maxilla  just 
above  and  distal  to  the  lateral  incisor  and  does  not 


seem  to  move  from  this  position  until  the  crown 
is  fully  calcified.  The  close  proximity  of  the 
canine  to  the  lateral  incisor  root  causes  the  typical 


Fig.  1. — Case  C.B.  The  position  of  the  un¬ 
erupted  canines  at  8  years  (above)  and  at  10  years 
(below)  in  a  patient  in  whom  the  upper  lateral 
incisors  are  congenitally  missing.  Notice  how  the 
canine  has  erupted  mesially  into  the  lateral  incisor 
space. 

movement  of  this  incisor  tooth  during  the  erup¬ 
tion  of  the  upper  canine.  With  normal  develop¬ 
ment  of  the  maxilla  the  canine  travels  along  the 
distal  aspect  of  the  root  of  the  lateral  incisor, 
resulting  in  closure  of  the  physiological  diastema 
if  it  is  present.  The  importance  of  the  lateral 
incisor  as  a  guide  to  the  normal  eruption  of  the 
canine  is  seen  when  the  lateral  incisors  are  absent 
and  the  canine  erupts  mesially  into  the  lateral 
incisor  space  (Fig.  1).  Root  formation  is  usually 
complete  within  2  years  of  eruption,  but  unlike 
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other  teeth  almost  three-quarters  of  the  root  of 
the  canine  is  complete  before  eruption  into  the 
mouth  commences. 

WHY  DO  CANINES  BECOME  DISPLACED? 

The  frequent  displacement  of  the  canine  is 
probably  due  to  its  high  developmental  position 
and  the  advanced  state  of  development  of  the 


Fig.  2. — Case  S.L.  The  intra-oral  film  on  the 
left  was  taken  9  months  before  the  patient  com¬ 
plained  of  mobility  of  the  upper  lateral  incisor. 
During  the  9  months  considerable  resorption  of 
the  2]  had  taken  place,  as  is  shown  in  the  intra¬ 
oral  film  on  the  right. 


Retained  deciduous  teeth  are  sometimes 
suggested  as  possible  causes  of  non-eruption, 
but  in  some  cases  failure  of  resorption  of  the 
deciduous  tooth  may  be  due  to  the  canine  being 
displaced,  resulting  in  an  abnormal  path  of  erup¬ 
tion. 

ASSESSMENT  OF  THE  CANINE 

Before  advice  on  the  treatment  of  the  canine 
can  be  given  the  unerupted  canine  must  be 
assessed  clinically  and  radiographically.  During 
the  clinical  examination  the  following  points 
must  be  assessed. 

The  Amount  of  Space  in  the  Arch  for  the  Unerupted 
Canine 

Observation  of  the  mouth  will  enable  the  opera¬ 
tor  to  determine  whether  there  is  sufficient  space 
in  the  arch  for  the  unerupted  tooth.  If  there  is 
inadequate  space,  consideration  must  be  given 
to  reopening  the  space  or  allowing  it  to  close 
following  the  extraction  of  the  canine. 

The  Morphology  and  Position  of  the  Adjacent 
Teeth 

A  careful  examination  of  the  morphology  of 
the  premolar  and  its  angulation  and  rotation 


Fig.  3. — Case  M.R.  Intra-oral  and  vertex  occlusal  views  of  the  3|  taken  for  the  location  of  the  unerupted 

tooth. 


crown  at  an  early  age.  At  this  stage  it  is  dependent 
on  normal  growth  of  the  maxilla  allowing  it  to 
move  into  its  correct  position,  and  Broadbent 
(1941)  showed  the  importance  of  the  amount 
and  direction  of  growth  for  the  normal  eruption 
of  the  teeth.  The  correct  position  of  the  adjacent 
teeth  to  guide  the  canine  into  its  right  location  is 
also  important. 

Apart  from  displacement  of  the  tooth  from 
its  normal  developmental  position,  generalized 
non-eruption  of  teeth  in  such  conditions  as 
cleidocranial  dysostosis  and  local  causes  of  non¬ 
eruption  such  as  cysts,  odontomes,  and  tumours 
may  prevent  the  normal  eruption  of  the  canine. 
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must  be  undertaken,  especially  if  extraction  of 
the  canine  is  contemplated.  A  mesiolabially 
rotated  premolar  can  be  aesthetically  undesirable. 
If  there  is  a  short  upper  lip  present,  considera¬ 
tion  must  also  be  given  to  the  height  of  the 
gingival  margin,  which  is  lower  on  premolars  than 
on  canines. 

The  position  of  the  lateral  incisor  tooth  is  a 
valuable  indication  of  the  position  of  the  un¬ 
erupted  canine.  The  canine  often  presses  on  the 
root  of  the  lateral  incisor  tooth,  resulting  in 
displacement  of  the  crown.  A  distally  inclined 
incisor  indicates  that  the  canine  is  in  close 
proximity  to  the  distal  part  of  the  apex  of  the 


lateral  incisor  tooth.  Similarly,  a  labially  inclined 
lateral  incisor  tooth  indicates  that  the  canine  is 
labial  to  the  root  of  the  lateral  incisor. 

The  Contours  of  the  Bone 

Palpation  and  comparison  of  the  contours  of 
the  alveolar  and  palatal  bone  of  both  sides  often 
reveals  the  position  of  the  unerupted  canine  tooth. 


These  lack  the  definition  of  an  intra-oral  film, 
and  in  the  postero-anterior  view  considerable 
superimposition  may  still  be  present.  Another 
disadvantage  is  that  these  films  cannot  be  taken 
by  most  practitioners. 

The  Position  of  the  Canine 

An  accurate  assessment  of  the  position  of  the 
canine  is  essential  before  treatment  can  be 


Fig.  4. — Case  M.R.  Lateral  view  showing  the 
position  of  the  canine  on  the  floor  of  the  nose. 
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Fig.  5. — The  guide  lines  used  in  assessing  the 
position  of  the  unerupted  canine. 


If  it  lies  buccally  the  height  of  the  tooth  relative 
to  the  adjacent  structures  such  as  the  floor  of  the 
nose  should  be  assessed. 

The  Mobility  of  the  Teeth 

The  teeth  should  be  examined  for  mobility, 
especially  the  deciduous  canines  and  the  lateral 
and  central  incisors,  as  resorption  of  these  teeth 
may  have  occurred  (Fig.  2). 

Radiographic  Examination 

Many  different  radiographic  views  have  been 
suggested  in  order  to  locate  the  maxillary  canine 
accurately.  The  main  problem  is  that  the  canine 
is  often  partly  in  the  alveolus  and  partly  in  the 
palate  and  the  adjacent  structures  tend  to  be 
superimposed  over  the  tooth.  Also  the  canine 
may  lie  deep  in  the  bone  of  the  maxilla. 

An  intra-oral  film  for  definition  and  a  vertex 
occlusal  X-ray  with  the  tube  parallel  to  the 
longitudinal  axis  of  the  upper  central  incisor  are 
the  views  which  are  routinely  taken  (Fig.  3).  The 
advantage  of  the  vertex  occlusal  X-ray  is  that  the 
frontal  bone  shadow  is  not  superimposed  on  the 
canine.  If  there  is  difficulty  in  the  location  of 
the  canine  a  lateral  film  can  be  taken  (Fig.  4). 
Using  these  standard  X-ray  views  the  position 
of  the  maxillary  canine  can  be  located  accurately. 
Ballard  (1955)  and  Wraith  (1969)  have  suggested 
that  two  films,  lateral  skull  and  postero-anterior 
views,  should  be  taken  to  locate  the  canine. 


contemplated.  Three  things  should  be  considered 
(Fig.  5):— 

1.  The  Position  of  the  Apex 

The  apex  of  the  canine  should  lie  mesial  to  the 
apex  of  the  first  premolar  and  distal  to  the  apex 
of  the  lateral  incisor.  The  apex  should  also  lie 
within  the  alveolus,  or  would  do  so  when  the 
canine  had  erupted.  It  should  also  not  be  too 
high  as  in  the  older  patient  the  final  occlusal 
position  is  often  not  attained  owing  to  failure  of 
complete  eruption  of  the  canine. 

2.  The  Position  of  the  Crown 

The  position  of  the  crown  relative  to  the 
adjacent  teeth  should  be  carefully  located  and  its 
influence  on  the  neighbouring  teeth  assessed. 
The  angulation  of  the  lateral  incisor  can  give 
some  indication  of  the  position  of  the  crown,  and 
this  has  already  been  discussed.  If  the  tooth  is 
firmly  impacted  against  the  adjacent  tooth  the 
prognosis  of  the  canine  is  poor.  The  adjacent 
teeth  should  be  carefully  examined  for  signs  of 
resorption  of  their  roots. 

3.  Direction  of  the  Longitudinal  Axis 

The  direction  of  the  longitudinal  axis  of  the 
tooth  must  also  be  assessed.  Will  the  tooth  erupt 
or  is  it  impacted  against  the  adjacent  teeth? 
When  the  tooth  has  erupted  will  the  apex  be  in 
the  correct  position  for  the  alinement  of  the 
canine?  These  are  questions  which  must  be 
considered  when  evaluating  the  position  of  the 
canine  prior  to  the  planning  of  treatment. 


139 


TREATMENT 
Exposure  of  the  Tooth 

In  order  for  exposure  to  be  successful  the 
following  criteria  must  be  present: — 

1.  There  must  be  adequate  space  in  the  arch 
for  the  tooth. 

2.  The  tooth  must  be  able  to  erupt. 

3.  The  exposure  must  be  maintained  during 
eruption  of  the  tooth. 

4.  The  buccal  periosteum  should  not  be 
removed  during  exposure  of  the  canine.  If  it  is 
removed  the  exposed  teeth  do  not  always  erupt 


V  Vital 

DV  Decreased 

NV  Non  vital 
RF  Rootfilled 

A 


LR  Limited 
PR  Progressive 


B 

Fig.  6. — The  results  of  50  cases  of  canine  trans¬ 
plantation  considering  (A)  the  vitality  of  the  teeth 
and  (B)  the  degree  of  resorption  present. 


apply  traction  to  the  end  of  the  ligature  wire, 
drawing  the  tooth  down  into  position. 

All  these  techniques  are  time  consuming  and 
often  difficult,  and  a  course  of  orthodontic  treat¬ 
ment  is  necessary  before  the  tooth  is  finally 
alined.  This  is  a  satisfactory  method  of  treatment 
in  the  younger  patient  but  in  the  older  patient  it 
is  not  the  method  of  choice. 


Time  (months) 


Fig.  7. — The  vitality  of  an  upper  canine  com¬ 
pared  with  the  vitality  of  the  adjacent  teeth  over 
a  period  of  2  years  using  an  electrical  pulp  tester. 
The  vitality  of  the  canine  improved  over  the 
period  of  time  and  after  2  years  had  a  similar 
response  to  the  neighbouring  teeth. 


fully  into  a  satisfactory  position.  It  is  interesting 
to  note  that  as  a  general  rule  where  a  buccal 
flap  has  been  raised  the  transplanted  canines  are 
not  as  successful  as  those  where  it  has  remained 
intact. 

The  older  the  patient  at  the  time  of  exposure 
the  less  the  chance  of  the  tooth  erupting  fully 
into  place,  and  often  orthodontic  treatment 
is  required  to  aline  the  tooth  after  it  has 
erupted. 

Exposure  and  Adjuncts  to  Assist  Eruption 

Strock  (1938)  and  Kettle  (1951)  advocated  the 
exposure  of  a  tooth  and  the  fitting  of  a  cap  over 
the  tooth  in  order  to  assist  its  eruption,  but  the 
criteria  for  exposure  must  be  present.  Pins  into 
the  cingulum  of  the  tooth  and  lassooing  the  tooth 
with  a  soft  stainless-steel  wire  have  also  been 
suggested  to  disimpact  slightly  impacted  teeth. 
Pins  tend  to  damage  the  erupting  tooth  and  a 
filling  is  required  when  the  pins  are  removed. 
Lassooing  the  tooth  is  a  more  satisfactory  method 
although  the  time  taken  in  alining  the  tooth  may 
be  considerable  and  may  require  fixed  appliance 
therapy. 

A  soft  stainless-steel  ligature  is  placed  around 
the  neck  of  the  tooth  and  the  end  projects  into 
the  mouth.  An  orthodontic  appliance  is  used  to 
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Extraction 

The  extraction  of  the  canine  may  be  advocated 
if  the  canine  is  lying  in  an  unfavourable  position, 
there  is  insufficient  space  in  the  arch,  and  the 
morphology  of  the  premolar  is  satisfactory  and 
will  make  a  good  contact  with  the  lateral  incisor. 
If,  however,  the  canine  is  lying  high  in  the 
palate  and  is  not  likely  to  damage  the  adjacent 
teeth  it  may  be  left,  as  removal  of  the  tooth 
results  in  the  loss  of  bone  around  the  remaining 
teeth. 

Repositioning 

In  cases  where  there  is  adequate  space  in  the 
arch  and  the  canine  apex  is  open  and  lies  in  the 
correct  position  mesiodistally  and  buccopalatally, 
surgical  repositioning  of  the  canine  is  possible. 
This  must  be  undertaken  at  an  early  age  and  is 
not  suitable  for  all  cases  (Holland,  1956;  Cowan 
and  Keith,  1961;  McKay,  1961). 

Transplantation 

Often  the  older  patient  presents  with  a  good 
arch  and  a  retained  deciduous  canine  which  has 
become  loose  and  aesthetically  undesirable.  In 
these  patients  the  canine  often  lies  in  an  unfavour¬ 
able  position  with  its  apex  closed,  and  the  patient 
requests  a  minimum  of  treatment.  In  such  cases 


transplantation  is  indicated.  Many  people  have 
described  the  transplantation  of  canines,  root¬ 
filling  the  canine  at  the  time  of  operation  (Fordyce, 
1965;  Heslop,  1967;  Hovinga,  1969).  Widman 
(1916),  the  Swedish  oral  surgeon,  transplanted 
canines  and  then  root-filled  them  after  they  were 
firm.  Fordyce  (1965)  estimated  that  root-filled 
transplanted  canines  would  remain  in  the  mouth 


An  incision  is  usually  made  palatally  around 
the  necks  of  the  teeth  from  the  first  permanent 
molar  to  the  canine  on  the  opposite  side  of  the 
jaw.  The  flap  is  raised  and  bone  overlying  the 
canine  is  carefully  removed  with  a  hammer  and 
chisel.  All  bone  is  preserved  in  warm  normal 
saline  at  body  temperature.  When  sufficient  bone 
has  been  removed  to  lift  the  tooth  from  its  socket, 


for  5-10  years.  Since  this  time  Moss  (1968) 
has  described  a  method  of  transplanting  canines 
without  root-filling  them,  and  Thonner  (1970) 
has  reported  another  method. 

METHOD  OF  TRANSPLANTATION 

In  patients  where  the  canine  tooth  can  be 
removed  intact  and  there  is  adequate  space  in 
the  arch  the  tooth  is  transplanted  irrespective 
of  its  position  and  the  state  of  its  apex.  If  there 
is  inadequate  space  present  for  the  canine  the 
space  is  reopened  prior  to  transplantation. 

A  vacuum-formed  acrylic  splint  is  constructed 
over  a  replica  of  the  canine  to  be  transplanted 
which  is  positioned  correctly  on  the  alveolus. 
At  least  three  teeth  on  either  side  of  the  tooth  to 
be  transplanted  are  covered  by  the  splint  and 
holes  are  cut  with  a  small  rosehead  bur  in  the 
occlusal  surface.  This  enables  the  operator  to 
observe  when  the  splint  fits  on  the  adjacent 
teeth  and  allows  for  the  cement  to  escape,  thus 
preventing  it  from  being  forced  beneath  the 
raised  mucosal  flap  during  the  cementation  of 
the  splint.  More  teeth  are  covered  with  an 
acrylic  splint  because  this  is  not  as  strong  as  a 
silver  splint. 


bone  is  removed  from  the  area  where  the  tooth  is 
to  be  placed,  creating  a  new  socket  to  receive 
the  tooth.  The  canine  is  then  placed  in  its  correct 
position  and  the  bone  chips  are  placed  around  the 
root  of  the  tooth.  The  palatal  flap  is  sutured  into 
position  and  the  preformed  splint  is  cemented 
with  germicidal  Kryptex  cement.  The  patient  is 
given  prophylactic  antibiotic  cover  for  5  days. 
The  sutures  are  removed  after  7  days  and  the 
splint  is  left  for  4-6  weeks,  after  which  time  it  is 
removed  and  the  transplanted  tooth  is  ground 
clear  of  the  bite.  This  is  important  especially  in 
the  older  patient  where  attrition  of  the  deciduous 
canine  has  occurred  and  there  is  over-eruption  of 
the  lower  canine. 

RESULTS 

Fifty  cases  which  could  be  recalled  1-8  years 
out  of  retention  have  been  included  in  the  results 
(Figs.  6,  7). 

The  criteria  used  for  assessing  the  results  of 
these  transplantations  are  the  same  as  those  used 
for  the  transplantation  of  third  molars  to  first 
molar  sockets  by  Fong  (1953),  Fong  and  Agnew 
(1958),  Clark,  Tam,  and  Mitchell  (1954),  and 
Nordenram  (1963). 
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The  gingival  tissues  were  assessed  for  their 
colour  and  consistency,  and  the  depth  of  the 
pockets  was  measured  buccally,  palatally,  mesially, 


Fig.  9. — Case  H.L.  Above,  The  position  of  the 
canines  before  transplantation.  Below,  The  posi¬ 
tion  of  the  canines  3  years  after  transplantation. 
The  3|3  were  both  vital  and  responded  at  a 
similar  level  to  the  adjacent  teeth  on  the  electrical 
pulp  tester. 

and  distally  with  a  pocket  measuring  probe 
(Fig.  8). 

The  teeth  were  assessed  as  to  their  position, 
mobility,  and  whether  there  was  contact  between 
them  and  the  adjacent  teeth.  The  colour  and 
vitality  were  also  assessed  by  comparison  with 
the  opposite  side  and  by  using  thermal  and 
electrical  stimuli. 

Radiographic  examination  revealed  the  state 
of  the  alveolar  bone,  the  lamina  dura,  the  perio¬ 
dontal  membrane,  the  presence  of  resorption, 
and  the  distance  that  the  apex  had  moved  (Fig.  9). 

Gingival  Tissues 

Two  of  the  50  teeth  which  have  been  trans¬ 
planted  over  the  past  8  years  have  been  lost. 
One  was  lost  18  months  after  operation  and  the 
other  3  years  after  operation.  Both  had  been 
root-filled  and  both  had  infection  of  the  area 
following  transplantation.  The  gingival  tissues 
were  normal  in  43  cases  and  poor  in  5  owing  to 
poor  oral  hygiene.  The  depth  of  the  gingival 
pockets  was  3-4  mm.  in  15  patients  and  was  less 
in  all  the  other  patients. 
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Mobility  and  Contacts 

Twenty-eight  teeth  had  good  contacts  on  both 
sides,  11  had  contacts  on  one  side  only,  and  9 


Fig.  10. — Case  M.P.  Above  left.  The  intra-oral 
radiograph  before  transplantation  of  the  3|. 
Above  right.  The  tooth  6  weeks  after  transplanta¬ 
tion.  Below  left.  Six  months  after  transplantation 
there  is  evidence  of  resorption  on  the  distal  aspect 
of  the  root.  Below  right,  Six  years  after  trans¬ 
plantation. 

had  no  contact.  One  tooth  showed  abnormal 
mobility  and  2  had  been  extracted  because  of 
abnormal  mobility. 

Colour  and  Vitality 

The  colour  was  normal  in  32  cases,  slightly 
darker  in  14,  and  dark  in  2. 

The  vitality  of  the  transplants  was  assessed 
with  electrical  and  thermal  stimuli.  The  vitality 
of  some  cases  was  followed  over  a  period  of 
time  and  some  showed  an  increasing  vitality 
over  a  period  of  2  years  (Fig.  7). 

In  the  whole  group  26  transplants  had  a  normal 
vitality  response  compared  with  the  other  teeth 
in  the  mouth,  14  had  a  decreased  vitality  response, 
and  10  were  non-vital.  Of  the  10  non-vital 
teeth,  5  had  been  root-filled  because  of  periapical 
rarefaction  and  2  have  been  extracted. 

Resorption 

Seventeen  of  the  cases  showed  some  resorption 
following  the  operation.  This  appeared  to  be  of 
two  types:  a  limited  resorption  immediately 
following  the  operation,  most  frequently  on  the 


distal  aspect  of  the  tooth,  which  was  usually 
repaired  {Fig.  10);  and  progressive  resorption 
which  seemed  to  affect  all  aspects  of  the  root 
surface.  All  except  1  of  the  root-filled  teeth  were 
being  progressively  resorbed. 

Periodontal  Membrane,  Lamina  Dura,  and  Alveo¬ 
lar  Bone 

In  39  cases  the  periodontal  membrane,  the 
lamina  dura,  and  the  alveolar  bone  were  normal 
within  12  months  of  the  operation.  The  bone  of 
the  mesial  alveolar  crest  took  longer  to  become 
apparent  in  7  cases,  and  in  1  case  was  not  present 
at  the  time  of  review. 

Pulp  Chamber 

There  was  a  decrease  in  the  size  of  the  pulp 
chamber  in  21  of  the  cases,  which  indicated 
secondary  dentine  formation  or  calcification 
of  the  pulp  {Fig.  11).  Assessment  of  the  canine 
by  X-rays  showed  that  in  most  cases  the  apex 
had  been  moved  over  a  centimetre  through  the 
bone. 

DISCUSSION 

If  the  criteria  for  success  with  the  transplanta¬ 
tion  of  teeth  is  defined  as  a  firm  tooth  which  has  a 
normal  vitality  and  periodontal  membrane  sur¬ 
rounded  by  normal  alveolar  bone,  26  of  the  cases 
in  the  present  series  could  be  considered  success¬ 
ful.  This  agrees  with  previous  findings  of 
Nordenram  (1963)  and  Moss  (1968,  1970). 

The  progressive  improvement  in  the  response 
of  the  tooth  to  thermal  and  electrical  stimuli 
probably  indicates  a  progressive  re-innervation 
of  the  teeth.  Nordenram  (1963)  examined  the 
histology  of  transplanted  teeth  in  monkeys  and 
he  noted  that  degeneration  of  the  nerves  occurred 
within  2  days  of  transplantation,  but  after  30  days 
new  nerves  were  seen  in  the  apical  region  and 
some  entered  the  pulp  chamber. 

The  cause  of  the  resorption  was  probably  due 
to  the  trauma  during  the  removal  of  the  tooth. 
The  limited  resorption  on  the  distal  aspect  of  the 
root  of  the  canine  seemed  to  correspond  to  the 
area  of  cementum  that  would  have  been  damaged 
during  the  removal  of  the  tooth.  In  some  cases 
this  was  repaired.  The  progressive  resorption 
was  most  frequently  associated  with  teeth  that 
were  difficult  to  remove. 

The  decrease  in  the  size  of  the  pulp  chamber 
was  most  frequently  seen  in  the  younger  patients, 
indicating  that  in  a  younger  person  the  pulp  was 
more  active  and  could  respond  by  laying  down 
calcific  material.  A  similar  phenomenon  has  been 
reported  in  transplanted  teeth  in  animals  (Fong 
and  Agnew,  1958;  Nordenram,  1963). 

It  appears  from  these  results  that  the  trans¬ 
plantation  of  canines  can  be  attempted  at  any 
age,  provided  that  there  is  adequate  room  for 
the  tooth  in  the  arch  and  that  the  tooth  can  be 


removed  whole.  The  ultimate  fate  of  the  trans¬ 
planted  teeth  will  not  be  finally  known  for  some 
years,  but  in  the  meantime  they  are  giving  good 


Fig.  11. — Case  M.G.  Above  left ,  3J  before 
transplantation.  Above  right,  3|  6  weeks  after 
transplantation.  Below  left.  Nine  months  after 
transplantation  the  pulp  chamber  is  decreasing 
in  size.  Below  right,  Three  years  after  transplanta¬ 
tion  the  pulp  chamber  is  almost  completely 
obliterated. 

service  and  are  aesthetically  more  pleasing  than 
a  bridge  or  partial  denture. 

SUMMARY 

The  development  and  eruption  of  the  normal 
canine  have  been  reviewed  and  the  criteria  for 
assessing  canines  discussed.  Various  methods  of 
treatment  have  been  suggested  and  the  results  of 
transplantation  of  canines  reported. 
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TREATMENT  OF  A  LARGE  MAXILLARY 
MEDIAN  DIASTEMA  ASSOCIATED  WITH 
FOUR  SUPERNUMERARY  TEETH 


S.  HAYNES,  M.Ch.D.,  D.Orth.,  F.D.S.  R.C.S.  (Eng.),  F.D.S.  R.C.S.  (Edin.) 
Regional  Orthodontic  Service ,  Royal  Infirmary  of  Edinburgh 


Diastemata,  or  excessive  spacing  of  two  consecu¬ 
tive  teeth  of  the  same  series,  rarely  disturb 
occlusal  function,  but  treatment  may  be  requested 
for  psychological  and  social  reasons  when  the 
anomaly  occurs  between  the  central  incisors. 
Moreover,  the  condition  may  be  an  additional 


teeth  in  the  midline  (mesiodens),  and  interdental 
extension  of  the  labial  fraenum.  Paradoxically, 
the  condition  may  also  occur  in  the  presence  of 
maxillary  crowding,  if  both  lateral  incisors  are 
lingually  positioned.  More  rarely,  a  median 
diastema  may  be  acquired  by  digit-sucking 


feature  in  both  Class  II  and  Class  III  malocclu¬ 
sions,  or,  in  contrast,  it  may  be  associated  with  an 
otherwise  perfect  dentition. 

Gardiner  (1956)  found  that  the  prevalence  of 
median  maxillary  diastemata  exceeding  2  mm. 
declined  from  11*9  per  cent  at  the  age  of  6-7 
years  to  0-5  per  cent  at  11-12  years.  A  similar 
low  prevalence  was  also  observed  in  11 -12-year- 
old  children  in  a  more  recent  investigation 
(Haynes,  1970). 

Persistent  median  diastema  differs  from  most 
other  types  of  malocclusion  in  being  almost 
invariably  an  expression  of  a  low  tooth :  tissue 
ratio,  i.e.,  an  excess  of  bone  tissue  relative  to  tooth 
substance.  Other  associated  congenital  factors 
may  also  occur  in  the  maxillary  arch,  such  as 
diminished  crown  morphology,  or  absence  of  one 
or  both  maxillary  lateral  incisors,  supernumerary 


habits,  especially  if  the  direction  of  the  pressure 
applied  causes  both  proclination  and  divergence 
of  the  maxillary  central  incisors. 

Because  of  the  basic  aetiological  factor,  a 
congenital  median  diastema  is  not  amenable  to 
correction  by  simple  measures,  particularly  if 
the  overjet  is  normal  and  there  is  involvement  of 
the  lateral  incisors  and  insufficient  space  for  a 
partial  denture-retainer.  Prognosis  for  closure 
of  a  diastema  is  often  more  favourable  if  a 
mesiodens  is  present,  but  the  tooth :  tissue  ratio 
is  again  of  fundamental  importance  and  a  careful 
analysis  of  each  factor  is  necessary. 

The  case  reported  here  is  of  clinical  interest  in 
view  of  the  extreme  displacement  of  all  the 
maxillary  incisors  and  the  relatively  small  degree 
of  relapse  which  followed  tooth  movements  over 
a  considerable  distance. 


Presented  at  the  Country  Meeting  held  on  22  April,  1971. 
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CASE  REPORT 

Nature  of  the  Malocclusion 

The  patient,  a  boy  aged  7  years,  3  months,  was  first 
examined  in  February,  1964,  at  the  request  of  his 
dental  practitioner.  He  had  previously  attended  the 
Edinburgh  Dental  Hospital  for  conservation  of  the 
deciduous  molars. 

Visual  inspection  showed  that  the  permanent  cen¬ 
tral  and  lateral  incisors  and  the  deciduous  canines 
and  molars  were  present  in  each  quadrant.  The 
maxillary  central  incisors  were  17  mm.  apart  at  their 


mesial-incisal  angles,  and  an  erupted  supernumerary 
tooth  was  present  in  the  left  maxillary  central  incisor 
region.  The  maxillary  lateral  incisors  were  in  lingual 
occlusion  and  were  palatally  related  to  the  central 
incisors  (Fig.  1).  The  occlusion  of  the  buccal  segments 
was  normal. 


Fig.  2. — Radiographic  appearance  on  examination:  (A)  occlusal,  (B)  anterior,  and  (C)  lateral  views. 
The  anterior  views  show  the  presence  of  four  supernumerary  teeth  in  the  midline,  i.e.,  two  supplemental 
incisors  between  JJJ.  and  two  ‘  canineiform  ’  teeth  between  2|2 — the  one  on  the  left  side  is  inverted.  Absence 
of  all  first  permanent  molars  is  evident  from  the  lateral  jaw  films. 


C 


B 


Fig.  3. — A,  Extended  coil  spring  to  approximate 
lU.  B,  Twin-wire  arch  with  compression  springs 
to  complete  closure  of  the  diastema  and  to  tilt  2J2 
labially.  C,  0  016-in.  looped  archwire  to  rotate 
and  aline  2|2. 


Radiographic  examination  revealed  three  other 
unerupted  supernumerary  teeth  in  the  maxillary 
incisor  region,  and  also  confirmed  the  presence  of 
the  unerupted  permanent  canines,  premolars,  and 
second  permanent  molars  (Fig.  2).  The  referring 
practitioner  subsequently  confirmed  that  the  first 
permanent  molars  had  been  removed  when  the 
patient  was  aged  61  years. 
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Treatment 

Treatment  objectives  were  limited  to  the  maxillary 
arch,  i.e.,  alinement  of  the  incisors  following  surgical 
removal  of  the  supernumerary  teeth.  Permanent 
retention  was  also  advised  because  of  the  probability 
of  relapse  subsequent  to  tooth  movements  over  the 


Fig.  4. — Models  showing  progress  prior  to 
exfoliation  of  EIE. 


therapy  was  then  discontinued  for  20  months,  as 
exfoliation  of  the  second  deciduous  molars  occurred 
rapidly  (Fig.  4)  and  the  rate  of  eruption  of  the  second 
permanent  molars  was  extremely  slow.  Five  months 
following  removal  of  the  appliance,  the  diastema  had 
relapsed  to  a  maximum  amount  of  5  mm. 

The  second  period  of  treatment  commenced  in 
May,  1968,  and  normal  axial  incisor  inclinations  were 
restored  by  utilizing  Begg  brackets  and  root  springs. 
The  appliance  was  also  used  as  a  retainer  for  6  months 
before  its  removal  in  July,  1969  (Fig.  5).  A  removable 
retainer  was  fitted  within  24  hours,  but  as  this  was 
not  worn,  permanent  retention  of  the  case  as  envisaged 
was  not  feasible. 

Post-treatment  Changes 

The  patient  attended  for  further  examination  in 
November,  1970,  i.e.,  16  months  after  appliance 
removal.  Records  obtained  on  this  occasion  show 
some  reappearance  of  the  diastema  together  with  an 


Fig.  5. — Frontal  (A)  and  occlusal  (B)  views  of  models  showing  post-treatment  changes.  The  models  on  the 
right  side  of  each  figure  show  the  appearance  16  months  after  appliance  removal. 


Fig.  6. — Radiographic  appearance  of  maxillary  incisor  region.  A,  On  completion  of  active  treatment 

(July,  1969).  B,  Sixteen  months  after  treatment  (November,  1970). 


large  distances  involved.  The  oral  surgery  was  per¬ 
formed  in  May,  1964.  The  supernumerary  canine  in 
the  left  maxillary  lateral  incisor  region  was  retained 
at  operation  on  account  of  its  deep  position  and  the 
improbability  that  it  would  adversely  affect  the  ortho¬ 
dontic  treatment. 

One  month  later  an  orthodontic  appliance  was 
cemented  to  Eff1E.  The  appliance  consisted  of  a 
labial  archwire  and  a  median  coil  spring  which  was 
extended  by  steel  ligatures  into  twin-wire  arch  brackets 
attached  to  the  central  incisor  bands  (Fig.  3 A).  The 
diastema  decreased  to  3-5  mm.  within  8  months,  and 
further  space  closure  was  achieved  by  means  of  a  twin- 
wire  arch  having  compression  springs  distal  to  the 
central  incisors.  Correction  of  the  lateral  incisors  was 
also  commenced  at  this  stage  (Fig.  3B),  and  their  aline¬ 
ment  was  further  improved  by  means  of  a  0  016-in. 
(0-4  mm.)  looped  archwire  (Fig.  3C).  Appliance 


increase  in  incisor  overbite,  proclination,  and  slight 
rotation  of  the  maxillary  central  incisors  (Fig.  5). 

The  post-treatment  radiographic  changes  in  the 
maxillary  incisor  region  and  the  radiographic  appear¬ 
ance  on  completion  of  treatment  are  shown  in  Fig.  6. 

Superimposition  of  the  radiographs  of  February, 
1964  (pre-treatment),  July,  1969  (final  band  removal), 
and  November,  1970  (16  months  out  of  retention), 
is  of  interest.  The  changes  in  the  positions  of  the 
maxillary  central  incisors  are  shown  diagrammatically 
in  Fig.  7,  and  the  relatively  slight  change  occurring  in 
the  post-treatment  period  may  be  observed. 

In  Table  I  the  distances  between  the  maxillary 
incisors,  before,  during,  and  after  treatment,  are 
compared  and  it  can  be  seen  that  the  diastema  was 
reduced  from  17  to  2  mm.  and  that  it  finally  relapsed 
to  3-5  mm.  Table  /  also  shows  that  comparable 
dimensional  changes  occurred  between  the  distal 
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July,  1969 


November,  1970 


Fig.  7. — Composite  diagrams  of  superimposed  intra-oral  radiographs. 


Table  I. — Changes  in  Incisor  Positions  during  Treatment 


Date 

Width  of  Diastema 
at  Incisal  Edge 
(mm.) 

Distance  between 
Distal  Surfaces 

IP  (mm.) 

Distance  between 
Distal  Surfaces 

2|2  (mm.) 

February,  1964 

170 

32 

27 

August,  1966 

20 

19 

33 

July,  1969 

20 

19 

32 

November,  1970 

3-5 

21 

32 

surfaces  of  the  maxillary  central  incisors.  There  was 
no  corresponding  change,  however,  between  the  distal 
surfaces  of  the  maxillary  lateral  incisors  in  the  post¬ 
treatment  period. 

SUMMARY 

Treatment  of  a  large  median  maxillary  diastema 
associated  with  four  supernumerary  teeth  is 
described.  Continuity  of  treatment  was  seriously 
impaired  by  early  extraction  of  the  first  perman¬ 
ent  molars,  and  there  was  a  delay  of  20  months 
between  the  first  and  second  phases  of  active 
treatment. 

Fixed  retention  was  maintained  for  6  months 
after  complete  closure  of  the  diastema,  and  a 
20  per  cent  relapse  was  observed  16  months  later. 
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THE  DISPLACED  MAXILLARY  CANINE: 
POSITIONAL  VARIATIONS  ASSOCIATED 
WITH  INCISOR  RESORPTION 


R.  D.  HOWARD,  B.D.S.,  F.D.S.,  D.Orth. 

King's  College  Hospital  Dental  School \  London 


Second  only  to  the  mandibular  third  molar  in 
frequency  of  impaction,  the  displaced  maxillary 
canine  tooth  is  a  clinical  entity  having  an  inci¬ 
dence  variously  estimated  at  between  0-92  per 
cent  (Dachi  and  Howell,  1961)  and  T6  per  cent 
(Thilander  and  Jakobsson,  1968).  The  occasional 
and  therefore  unusual  case  that  produces  the 
complication  of  incisor  resorption,  has  been  less 
well  studied,  probably  because  of  its  infrequency. 
It  was  in  an  attempt  to  understand  the  reason 
for  the  aberrant  behaviour  of  some  displaced 
canines  that  the  present  investigation  was  under¬ 
taken,  and  it  was  hoped  that  it  might  prove 
possible  if  such  understanding  were  achieved  to 
predict  which  cases  would  be  likely  to  suffer  this 
unfortunate  complication. 

MATERIALS  AND  METHODS 

Since  it  was  likely  that  an  investigation  of 
positional  relationships  would  prove  the  most 
profitable  avenue  of  exploration,  this  study  was 
designed  with  this  in  mind. 

In  order  to  pinpoint  the  displaced  maxillary 
canine  tooth  in  three  dimensions  and  to  establish 
with  some  degree  of  accuracy  its  relationship  to 
other  teeth  and  anatomical  structures  a  compre¬ 
hensive  and  standardized  radiographic  coverage 
was  required  and  consisted  of  the  following 
films : — 

1 .  Intra-oral  film  showing  the  canine  tooth  and 
the  root  of  adjacent  tooth. 

2.  Vertex  occlusal  film  showing  the  bucco- 
lingual  and  the  mesiodistal  disposition  of  the 
canine  tooth. 

3.  Cephalometric  lateral  skull  film  with  in¬ 
creased  penetration  to  show  the  position  and 
relationship  of  the  displaced  canine. 

4.  Postero-anterior  skull  film  taken  at  the 
same  tube-film  distance  as  the  cephalometric 
lateral  skull  film  but  with  the  nasal  floor  orien¬ 
tated  in  a  horizontal  direction. 


The  films  were  carefully  examined  after  expo¬ 
sure  to  ensure  that  they  were  of  adequate  readable 
quality  before  the  case  was  included  in  this  series. 

The  series  consists  of  52  patients  having  dis¬ 
placed  maxillary  canine  teeth,  7  of  whom  have 
demonstrable  incisor  resorption  and  45  cases 
acting  as  controls.  The  controls  were  consecutive 
unselected  cases  passing  through  the  Orthodontic 
Department  for  treatment. 

Resorption  Group 

The  patients  in  this  group  were  aged  between 
11  and  16  years  and  consisted  of  2  boys  and 
5  girls.  This,  rather  interestingly,  was  exactly 
the  ratio  that  Rohrer  (1929)  showed  to  be  the 
ratio  of  males  to  females  for  the  incidence  of 
displaced  canines  generally. 

Before  discussing  the  more  detailed  findings  of 
the  radiographic  examination  it  should  perhaps 
be  made  clear  what  criteria  were  required  before 
a  case  was  included  in  this  group.  Resorption  was 
indicated  when  a  case  showed  both  of  the  follow¬ 
ing  features : — 

1.  Loss  of  normal  apical  contour,  i.e.,  the 
normal  paraboloid  shape  was  lost  from  the 
apical  region  and  was  replaced  either  by  a 
flattened  or  a  concave  root  profile. 

2.  Loss  of  root  length. 

Both  of  these  changes  are  gross  changes  and 
are  unlikely  to  be  misinterpreted.  They  are  also 
late  changes.  Small  degrees  of  apical  resorption 
particularly  on  the  labial  or  palatal  root  surfaces 
of  incisors  which  do  not  allow  a  projected  profile 
X-ray  view  to  be  obtained  may  often  go  un¬ 
detected  until  the  more  gross  changes  of  root 
shortening  make  the  resorptive  process  apparent. 
Since  the  rate  at  which  the  resorptive  process 
proceeds  is  not  known  with  any  degree  of  accu¬ 
racy  it  is  possible  that  these  early  stages  may  be 
passed  through  rapidly  and  early  detection  may 
not  be  possible  even  with  more  sophisticated 
X-ray  techniques. 


Presented  at  the  Country  Meeting  held  on  23  April,  1971. 
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1.  Intra-oral  Film 

This  view  showed  a  degree  of  resorption  of 
between  one-quarter  and  one-half  incisor  root 
length.  The  relationship  between  the  crown  of 


to  the  close  relationship  formed  by  the  canine 
tooth  to  the  incisor  roots  and  in  some  cases  the 
axial  inclination  of  the  canine  tooth  placed  it 
above  the  level  of  the  incisor  apices  and  made  it 


Fig.  1. — A,  Postero-anterior  skull  film  showing  3|  rather  vertically  placed  over  the  roots  of  21J.  B,  Part  of 
cephalometric  lateral  skull  film  showing  the  similarity  of  axial  inclination  of  the  canine  and  the  incisors. 
C,  Vertex  occlusal  film  with  the  outline  of  3|  between  2|  and  h.  Lack  of  root  outline  indicates  vertical 
disposition. 


Fig.  2. — A,  Tracing  of  postero-anterior  skull  film  showing  steep  axial  inclination  of  the  canine  to  the  mid- 
sagittal  plane.  B,  Tracing  of  lateral  skull  film  showing  the  coincident  axes  of  the  canine  and  incisors. 
C,  Tracing  of  vertex  occlusal  film  emphasizing  the  lack  of  deviation  from  the  vertical  of  the  canine. 


the  displaced  canine  tooth  and  the  root  of  the 
affected  incisor  seemed  to  be  intimate  and  in  all 
cases  the  canine  crown  appeared  to  be  occupying 
the  area  that  would  have  been  occupied  by  the 
incisor  apex  had  it  not  been  resorbed.  (This 
information  was  deduced  from  the  use  of  the 
vertical  occlusal  film  as  well  as  from  the  intra-oral 
film.)  In  all  cases  it  was  the  enamel  surface  of 
the  canine  crown  that  formed  the  nearest  relation¬ 
ship  to  the  resorbed  incisor  apex.  Some  degree  of 
follicular  enlargement  was  seen  in  3  cases. 

2.  Vertex  Occlusal  Film 
Although  this  view  was  useful  in  determining 
the  buccolingual  direction  of  the  crown  or  root 
deviation,  generally  speaking  the  information 
that  was  gained  from  this  view  was  less  than  was 
anticipated.  The  reason  for  this  was  largely  due 
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difficult  to  separate  the  superimposed  images. 
Taken  in  conjunction  with  the  next  two  views, 
corroborative  evidence  was  obtained  about  the 
axial  inclination  of  the  teeth  under  consideration. 

3,  4.  Cephalometric  Lateral  Skull  and  Postero- 
anterior  Films 

It  was  felt  from  the  beginning  of  this  investiga¬ 
tion  that  the  proximity  of  the  canine  crown  to  the 
apices  of  the  incisor  teeth  was  the  critical  factor 
in  the  initiation  of  the  resorptive  process.  The 
intra-oral  and  vertex  occlusal  views  appeared  to 
confirm  this  but  it  was  only  by  a  close  scrutiny 
of  the  more  standardized  cephalometric  lateral 
skull  and  postero-anterior  views  that  the  true 
vertical  height  and  labiolingual  inclination  of 
both  the  canine  and  the  incisors  were  determined. 
It  was  also  by  the  use  of  these  films  that  the 


manner  in  which  the  close  approximation  achieved 
was  determined.  Since  both  films  provide  comple¬ 
mentary  information  they  will  be  considered 
together. 


1.  Vertical  Group  ( Table  I) 

This  group  showed  clear  differences  from  the 
other  groups  and  since  it  was  characterized  by 
a  more  vertical  position  of  the  canine  tooth  this 


Fig.  3. — A,  Postero-anterior  skull  film  in  which  J3  is  presenting  just  below  the  nasal  floor.  B,  Part  of 
cephalometric  film  with  a  displaced  canine  tooth  parallel  to  the  nasal  floor.  C,  Vertex  occlusal  film  in  which 
P  is  only  just  visible  passing  distally  to  |2. 


A  B  C 

Fig.  4. — A,  Postero-anterior  skull  tracing  showing  the  extreme  oblique  angle  of  the  canine  to  the  mid- 
sagittal  plane  in  this  group.  B,  Lateral  skull  tracing  with  the  canine  tooth  nearly  horizontal  and  on  an 
intersecting  course  with  the  incisor  roots.  C,  Vertex  occlusal  tracing  showing  the  entire  canine  profile  arising 
and  in  line  with  the  buccal  segment. 


ANALYSIS 

A  considerable  range  of  variation  in  canine 
position  both  in  the  lateral  skull  film  and  in 
the  postero-anterior  skull  film  was  found  but 
it  was  apparent  that  the  variation  did  allow  some 
groupings  to  be  made.  The  lateral  skull  films 
and  postero-anterior  skull  films  were  then  traced 
and  the  groupings  formed  originally  were  con¬ 
firmed. 

The  lateral  skull  film  was  traced  to  show  the 
angle  subtended  by  the  unerupted  displaced 
canine  tooth  to  the  maxillary  plane,  and  the 
postero-anterior  skull  film  was  traced  to  show 
the  angle  subtended  by  the  canine  tooth  to  the 
midsagittal  plane. 


has  given  the  name  to  the  group.  The  postero- 
anterior  skull  film  shows  the  lowest  subtended 
angle  of  any  of  the  groups  and  consequently  the 
most  vertical  position  for  the  canine  in  this  plane 
(Fig.  1A).  The  lateral  skull  film  shows  the 
rather  vertical  position  in  this  plane  and  confirms 
the  intersecting  course  of  the  canine  with  the 
roots  of  the  incisor  teeth  (Fig.  IB).  The  vertex 
occlusal  film  offers  contributory  evidence  of  the 
small  amount  of  deviation  from  the  vertical  of 
the  canine  tooth  (Fig.  1 C). 

In  order  to  assist  in  visualizing  the  position  of 
the  canine,  diagrams  have  been  derived  from 
tracings  of  the  lateral  skull,  the  postero-anterior 
skull,  and  the  vertex  occlusal  films  and  these  may 
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be  seen  in  Fig.  2.  The  projected  line  from  the 
canine  tooth  in  the  postero-anterior  skull  film 
may  be  seen  to  cut  the  supra-orbital  plane 
within  the  compass  of  the  cranium  outlined. 
This  will  not  be  found  to  be  true  in  the  other 
groups. 

2.  Horizontal  Group  ( Table  I) 

This  group  presented  with  almost  exactly  the 
opposite  features  of  the  previous  group.  The 


Fig.  5. — Dried  skull  specimen  showing  a  dis¬ 
placed  canine  tooth  perforating  the  buccal  plate 
of  bone  immediately  distal  to  the  lateral  incisor 
root.  ( From  the  Odontological  Museum  of  the 
Royal  College  of  Surgeons  of  England  by  courtesy 
of  the  Curator ). 

lateral  skull  film  gives  angular  readings  that  show 
the  canine  to  be  approaching  the  horizontal 
(Fig.  3B),  the  long  axis  of  the  canine  tooth 
appearing  to  form  a  relationship  at  right  angles 
to  the  axis  of  the  affected  incisor  tooth.  The 
postero-anterior  skull  film  shows  the  lack  of 
deviation  of  the  canine  tooth  from  its  essentially 
antero-posterior  path  (Fig.  3  A).  The  vertex 
occlusal  film  shows  the  radicular  part  of  the 
canine  tooth  more  clearly  than  the  coronal  part 
since  the  latter  is  masked  by  the  superimposition 
of  the  incisor  root  and  crown  (Fig.  3  C). 

Further  diagrams  have  been  derived  from 
lateral  skull  tracings  to  clarify  the  situation  with 
regard  to  the  horizontal  group  and  these  are 
shown  in  Fig.  4.  The  extension  of  the  line  passing 
through  the  canine  tooth  in  the  postero-anterior 
skull  film  will  be  seen  to  pass  through  the  supra¬ 
orbital  plane  at  a  point  well  outside  the  outline 
of  the  calvarium. 

It  is  possible  that  with  teeth  in  this  group  the 
possibility  of  damage  to  incisor  teeth  may  be 
avoided  by  small  changes  in  angular  inclination, 
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particularly  around  the  horizontal  plane  (Fig.  5). 
In  this  museum  specimen  the  canine  tooth  has 
perforated  the  alveolar  bone  on  the  buccal  side 
of  the  maxilla  but  has  avoided  causing  damage  to 
the  root  of  the  lateral  incisor. 

3.  Lateral-horizontal  Group  (Table  I) 

In  this  group  the  features  are  less  clear-cut 
than  in  the  previous  groups.  The  lateral  skull 
film  shows  the  canine  tooth  at  approximately 


Table  /.—The  Position  of  the  Canine  in  the  Four 

Groups 


Group 

Patient 

Angle  of  Canine  on 
Radiograph 

Lateral 

Skull 

Postero- 

anterior 

Vertical 

M.D. 

A.S. 

108°/109° 

124° 

33°/33° 

26° 

Horizontal 

L.B. 

I.P. 

145° 

163° 

53° 

51° 

Lateral- 

horizontal 

K.M. 

B.M. 

109° 

111° 

69° 

45° 

Unallocated 

S.D. 

140° 

42° 

the  same  angle  as  in  the  vertical  group  but  some 
degree  of  foreshortening  of  the  tooth  is  apparent 
(Fig.  6B).  The  postero-anterior  skull  film  shows 
the  increased  internal  angulation  of  the  vertical 
group  and  the  canine  tooth  appears  to  be  tending 
to  pass  palatally  to  the  incisor  teeth  (Fig.  6 A). 
The  vertex  occlusal  film  shows  some  part  of  the 
palatal  outline  of  the  canine  tooth  as  it  projects 
from  the  palatal  outline  of  the  incisor  crowns 
(Fig.  6C). 

Further  diagrams  derived  from  tracings  of  the 
relevant  films  may  be  seen  in  Fig.  7.  The  lateral 
skull  diagram  shows  the  outline  of  the  canine 
tooth  rather  vertical  and  well  on  the  palatal 
aspect  of  the  central  incisors,  but  the  postero- 
anterior  film  shows  the  increased  angulation  of 
the  canine  tooth  to  the  midsagittal  plane,  the 
line  passing  through  the  canine  tooth  extending 
just  beyond  the  outer  limit  of  the  skull  and  cutting 
the  supra-orbital  plane  at  a  distance  from  it.  The 
canine  tooth  may  be  seen  lying  along  the  line 
of  the  arch  with  its  apex  in  approximately  the 
correct  position  within  the  alveolus  and  its 
crown  extending  in  close  association  with  the 
lingual  aspects  of  the  roots  of  the  upper  incisors. 

4.  Unallocated  Group  (Table  /) 

It  is  possible  that  cases  will  occur  that  do  not 
fall  easily  into  any  of  the  three  categories  des¬ 
cribed  ;  it  may  be  that  there  is  a  continuous  range 
of  canines  extending  right  from  one  extreme,  for 


example,  the  horizontal  group,  through  infinite 
variations  to  the  other  extreme,  the  vertical  group. 
For  various  anatomical  reasons  it  is  felt  that  this  is 
unlikely  and  at  the  present  time  1  case  is  placed  in 
the  unallocated  group  and  will  have  to  remain 
rather  inconveniently  poised  between  two  major 
groups. 


were  tabulated.  This  clarified  the  position  and 
revealed  that  although  a  wide  range  of  angular 
deviations  existed  only  2  cases  approached  the 
values  found  in  the  resorption  group  very  closely 
and  these  were  both  of  types  belonging  to  the 
horizontal  group.  Although  it  is  impossible  to 
predict  what  would  have  been  the  outcome  if  the 


Fig.  6. — A,  Postero-anterior  skull  film  in  which  marked  inclination  of  the  canine  to  the  midline  is  apparent. 
B,  Part  of  the  lateral  skull  film  in  which  the  canine  is  foreshortened  and  inclined  vertically.  C,  Vertex 
occlusal  view  in  which  |3  may  be  seen  passing  obliquely  almost  behind  the  incisors. 


Fig.  7. — A,  Postero-anterior  skull  tracing  in  which  the  canine  inclination  is  somewhat  between  that  of  the 
two  previous  groups.  B,  Lateral  skull  tracing  showing  the  vertical  inclination  of  the  canine  in  this  plane. 
C,  Vertex  occlusal  tracing  showing  the  canine  almost  at  right  angles  to  the  buccal  segment. 


Control  Group 

An  examination  of  the  lateral  skull  and  postero- 
anterior  skull  films  of  the  45  control  cases,  i.e., 
cases  having  displaced  maxillary  canines  but  no 
incisor  resorption,  showed  what  appeared  to  be 
an  even  wider  variation  of  canine  position  than 
in  the  resorption  group.  Tracings  were  made  of 
all  lateral  skull  and  postero-anterior  skull  films 
and  the  angular  measurements  of  the  canine 
teeth  to  the  maxillary  plane  and  midsagittal  plane 


canine  teeth  in  these  2  cases  had  not  been  removed 
it  is  possible  that  they  may  have  gone  on  to  cause 
incisor  resorption  if  enough  time  had  been 
allowed  to  elapse.  The  relationship  found  in  the 
resorption  group  had  not  apparently  yet  been 
established  in  these  2  cases,  although  the  angles 
were  such  that  it  was  felt  that  a  continued  move¬ 
ment  of  the  teeth  along  their  long  axes  would  have 
caused  this  relationship  to  be  established  in  the 
fullness  of  time. 
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In  all  the  other  cases  in  the  control  group  the 
angles  and  combination  of  angles  were  such  that 
the  crown  of  the  displaced  canine  tooth  was 
taken  to  a  point  where  it  was  either  not  in  close 


A 

Fig.  8. — A,  Intra-oral  view  of  2|  in  an  11-year-old  be 

of  the  root  apex 


teeth  was  the  reason  for  the  resorption  obvious. 
Admittedly  the  majority  of  these  cases  had  mild 
resorption,  but  in  9  per  cent  classified  as  moderate 
the  amount  of  resorption  was  2-4  mm.  of  the 


B 


y.  B,  Similar  view  taken  4  months  later.  Resorption 
is  now  apparent. 


relationship  to  the  incisor  teeth,  i.e.,  being  dis¬ 
placed  well  palatally  or  well  buccally,  or,  if  it  did 
form  a  close  association  with  the  incisor  teeth,  it 
was  with  the  cervical  or  middle  root  thirds  rather 
than  with  the  apical  root  third.  It  should  be 
emphasized  that  in  the  resorption  group  the  can¬ 
ine  tooth  was  so  placed  that  its  long  axis  passed 
through  the  site  of  the  apex  of  the  affected 
incisor  tooth — a  collision  course  of  canine  and 
incisor — and  the  resorption  of  the  apex  of  the 
incisors  appeared  merely  to  facilitate  the  further 
eruptive  attempts  of  the  canine  along  its  long  axis. 

Resorptive  Process 

Although  it  has  been  suggested  in  this  study 
that  proximity  of  the  unerupted  canine  tooth  to 
the  incisor  root  is  the  most  important  factor  in 
the  initiation  of  the  resorptive  process,  it  should 
be  understood  that  there  is  a  considerable 
resorptive  potential  present  in  the  permanent 
dentition  that  can  become  manifest  after  minimal 
or  apparently  no  initiating  stimulus. 

Incidence  of  Resorption 

Massler  and  Malone  (1952)  have  shown  that 
in  an  analysis  of  13,000  teeth  in  708  individuals 
100  per  cent  of  the  individuals  and  86-4  percent 
of  the  permanent  teeth  demonstrated  some 
degree  of  resorption.  In  only  5  per  cent  of  the 
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root  length,  in  0-3  per  cent  classified  as  severe  it 
was  4  mm.  to  one-quarter  of  the  root  length, 
and  in  O  il  per  cent  classified  as  very  severe  the 
resorption  amounted  to  more  than  one-quarter 
of  the  root  of  the  tooth. 

Anterior  teeth  appear  to  be  more  susceptible 
to  resorption  than  posterior  teeth.  It  is  admitted 
by  the  authors  that  local  factors,  particularly 
orthodontic  treatment  and  apical  irritations,  may 
greatly  accelerate  the  spontaneous  resorptive 
process. 

In  a  later  paper  by  the  same  authors  (Massler 
and  Malone,  1954)  a  further  point  seems  to  have 
emerged  with  regard  to  the  susceptibility  to 
resorption  with  age,  there  being  a  significant 
increase  in  the  frequency  of  the  more  severe 
degrees  of  resorption  with  an  increase  in  age. 
In  the  light  of  the  latter  finding  it  would  appear 
to  be  unwise  to  leave  a  displaced  canine  tooth  in 
close  proximity  to  the  root  of  an  incisor  since 
the  likelihood  of  resorption  will  increase  with 
age  and  perhaps  be  initiated  at  a  later  stage  than 
might  be  expected. 

Rate  of  Resorption 

Little  evidence  seems  to  be  available  with 
regard  to  the  rate  of  the  resorptive  process  once 
started.  It  appears  from  clinical  experience  to 
be  a  rapid  and  progressive  process  unlike  the 


rather  more  leisurely  stop-and-start  resorptive 
process  that  one  finds  in  the  deciduous  dentition. 
Fig.  8  shows  the  resorptive  process  affecting  the 
upper  right  lateral  incisor  in  a  boy  aged  1 1  years. 


resorptive  process  ceases  and,  provided  that  the 
incisor  tooth  root  has  not  become  shortened 
beyond  the  physical  minimum  necessary  to  with¬ 
stand  the  stresses  of  mastication,  a  recuperative 


A  B 

Fig.  9. — A,  Preoperative  intra-oral  view  of  2j.  Approximately  one-third  to  one-half  of  the  total  root 
length  has  been  resorbed.  B,  Postoperative  view  of  2|  showing  arrest  of  the  resorptive  process  and  re¬ 
establishment  of  the  lamina  dura. 


The  time  interval  between  the  two  films  is  4 
months. 

Arrest  of  Resorption 

It  appears  that  when  the  initiating  factor,  i.e., 
the  displaced  canine  tooth,  is  removed  the 


phase  is  entered  and  a  new  periodontal  membrane 
is  established  around  the  new  root  contour 
(Fig.  9). 

Very  rarely  this  may  occur  owing  to  the  spon¬ 
taneous  improvement  in  the  canine  position 
(Fig.  10). 
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CONCLUSIONS 

It  appears  that  there  is  a  resorptive  potential 
present  in  anterior  teeth  that  increases  with 
age  and  may  be  accelerated  by  apical  irritation 
from  various  causes.  It  is  likely  that  the  presence 
of  an  unerupted  tooth  in  close  proximity  to  the 
apex  of  an  incisor  tooth  may  constitute  such  an 


Fig.  11. — Vertical  route  by  which  the  canine  may 
become  impacted. 


Fig.  13. — Lateral-horizontal  route,  by  which  the 
canine  may  become  impacted. 


irritation.  In  what  is  admittedly  a  small  series 
of  cases  it  has  been  found  that  a  pattern  has 
emerged  with  regard  to  the  type  of  displaced 
canine  tooth  that  appears  to  be  likely  to  cause 
resorption.  There  appear  to  be  three  basic  types. 
The  division  between  types  appears  to  be  due  to 
the  anatomy  of  the  parts  concerned  and  simple 
geometry. 

It  has  been  suggested  that  not  only  does  it  seem 
necessary  for  the  displaced  canine  to  form  a  close 
relationship  with  the  incisor  root  for  resorption 
to  occur  but  also  that  the  relationship  must  be 
with  the  apex  or  apical  third  of  the  incisor  root. 
It  also  appears  that  a  genuine  impaction  must 
become  established,  i.e.,  it  must  be  impossible  for 
further  movement  along  the  long  axis  of  the 
displaced  tooth  to  take  place  owing  to  a  physical 
obstruction,  such  as  the  incisor  root.  The  dis¬ 
placed  canine  tooth  may  reach  this  position  of 
impaction  by  one  of  three  routes. 
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1.  Vertical  Route  (Fig.  11) 

By  passing  downwards  from  a  position  above 
the  apices  of  incisors  the  canine  tooth  appears  to 
be  in  a  relatively  vertical  position  in  relation  to 
the  midsagittal  plane  and  at  the  same  angle,  or 
only  slightly  different,  as  the  angle  of  the  maxil¬ 
lary  incisors. 


Fig.  12. — Horizontal  route  by  which  the  canine 
may  become  impacted. 


This  situation  could  perhaps  in  other  circum¬ 
stances  cause  transposition  of  the  canine  if  it 
passed  mesially  to  the  lateral  incisor  or  impaction 
of  the  canine  within  the  arch  if  it  passed  distally. 

2.  Horizontal  Route  (Fig.  12) 

In  this  case  the  canine  tooth  lies  horizontally 
within  the  alveolar  bone  or  nearly  so  and  passes 
forwards  and  may  emerge  from  the  alveolus  either 
side  or  above  the  root  of  the  lateral  incisor.  The 
angle  of  the  canine  tooth  to  the  midsagittal  plane 
may  be  variable.  The  higher  the  angle,  the  more 
mesially  the  canine  crown  will  be  found;  the 
lower  the  angle,  the  more  distally  the  canine 
crown  will  be  found  and  usually  the  higher 
within  the  maxilla. 

3.  Lateral-horizontal  Route  (Fig.  1 3) 

In  this  category  the  canine  tooth  is  passing  not 
from  immediately  above  the  incisor  downwards  or 
from  the  palatal  side  forwards  but  around  the  arch 
from  the  region  of  the  canine  on  the  palatal  side  of 
the  roots  of  the  incisor  teeth  towards  the  midline. 

It  is  possible  that  some  intermediate  types 
between  the  three  main  groups  will  occur,  as  has 
been  found  in  this  study,  but  it  appears  likely 
that  most  cases  will  fall  into  these  simple  cate¬ 
gories  described  since  the  anatomy  of  the  maxilla 
provides  these  three  routes  of  access  for  the 
canine  tooth  to  reach  the  roots  of  the  incisors. 
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THE  EVOLUTION  OF  THE  FIXED 
APPLIANCE  IN  ORTHODONTIC  PRACTICE 


D.  A.  DIXON,  F.D.S.,  D.D.O.,  M.D.S. 
Sunderland  General  Hospital 

INTRODUCTION 

There  is  a  danger  at  the  present  time,  especially 
with  some  of  the  more  recent  approaches  in 
fixed-appliance  technique,  that  a  student  may 
gain  the  impression  that  this  is  a  completely  new 
departure  from  previous  methods.  Experience 
eventually  reveals  that  almost  every  approach 
has  been  considered  previously  and  that  much 
valuable  knowledge  can  be  gained  by  studying  the 
efforts  of  orthodontists  in  the  past.  At  this  time 
in  this  country  many  men  are  extending  their  use 
of  fixed  appliances  and  it  is  my  hope  that  a  short 
historical  review  may  prove  helpful  in  their 
evaluation  of  the  capabilities  of  the  various 
techniques  currently  popular.  An  outline  of 
current  techniques  and  attitudes  in  this  field  may 
also  be  of  use  to  general  practitioners  and  men 
practising  in  other  dental  specialities  with  little 
contact  with  orthodontic  practice. 

EARLY  ORTHODONTIC  APPLIANCES 

As  with  many  aspects  of  dentistry,  Fauchard 
(1746)  gives  us  a  good  introduction  to  early  forms 
of  orthodontic  appliances.  His  book  illustrates 
short  flexible  strips  of  gold  or  silver  (bandelettes) 
which  were  tied  to  the  teeth  with  waxed  threads. 
Traction  could  then  be  applied  through  these 
early  expansion  arches  to  irregular  teeth  to 
bring  them  into  alinement,  but  one  hesitates 
whether  to  regard  such  devices  as  fixed  or 
removable  appliances.  In  the  mid-eighteenth 
century  France  was  a  centre  for  advanced  dental 
work  and  Bourdet  (1757)  comments  that  the 
strips  should  be  of  gold  instead  of  silver,  which 
turned  black  in  the  mouth.  He  also  improved 
the  attachment  of  the  ligatures  and  produced 
longer  buccal  and  lingual  strips  {Fig.  1).  The 
extraction  of  the  first  premolars  was  recommen¬ 
ded  in  cases  of  crowding  to  improve  the  prospects 
of  obtaining  a  regular  alinement.  Both  these 
orthodontic  pioneers  advocated  tooth  trans¬ 
plantation  and  surgical  correction  of  tooth  posi¬ 
tion  when  the  patient  could  withstand  such 
procedures. 

Progress  continued  to  be  made  on  these  lines 
and  extensions  appeared  at  the  ends  of  the  strips 


grasping  the  molars  {Fig.  1),  thus  improving  the 
stability  and  giving  the  appliance  a  more  familiar 
form.  From  the  earliest  days  wooden  or  ivory 
blocks  (Fox  blocks)  were  used  to  open  the  bite 
and  forms  of  inclined  planes  were  constructed. 
The  invention  of  vulcanized  rubber  and  its  use  in 
dentistry  from  1854  revolutionized  the  process  of 
making  appliances  of  all  kinds  for  the  mouth. 
Prolonged  disputes  over  patients  delayed  the 
widespread  clinical  introduction  of  this  material 
for  some  time,  but  by  1904  Jackson  could  publish 
a  volume  showing  a  remarkably  modern-looking 
series  of  removable  orthodontic  appliances 
supported  by  his  well-known  crib. 


Bourdet,  1786  Desirabode,  1823  Harris,  1850 
Fig.  1 . — Early  orthodontic  fixed  appliances  {after 


Farrer,  1888). 

For  a  period  such  removable  appliances  were 
more  stable  than  appliances  relying  on  waxed 
threads.  In  the  late  nineteenth  century  America 
provided  a  rich  vein  of  progress  in  orthodontics. 
A  number  of  American  dentists  had  received 
training  in  Paris  and  returning  to  the  United 
States  at  a  period  of  rapid  industrial  progress  and 
wealth  were  able  to  put  these  methods  into 
practice  and  make  many  advances.  Clamp  bands 
provided  stability  and  allowed  labial  arches  to  be 
attached.  The  main  dispute  of  the  time  was 
between  the  advocates  of  rapid  movement  with 
the  screw  and  those  using  a  slower  correction 
with  the  ligature  or  spring.  The  great  variety  of 
appliances  and  great  expertise  of  individual 
operators  are  well  illustrated  in  the  two  volumes 
on  orthodontics  by  Farrar  (1888)  which  even  now 


Presented  at  the  Meeting  held  in  Aberdeen  on  23  October,  1970. 
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Fig.  2. — Orthodontic  brackets.  A,  Direct  ligature  of  ‘  E  ’  rigid  arch  to  eyelet  on  tailored  band.  B,  Pin 
and  tube  (Angle).  C,  Ribbon  arch  and  bracket  with  pin  fixation  (Angle).  D,  Edgewise  bracket  and 
rectilinear  wire  arch  (Angle).  E,  Universal  bracket  for  light  ribbon  arch  and  round  wire  (Atkinson).  F, 
Combination  bracket  for  both  light  wire  and  edgewise  arches  (Begg-Chun).  G,  Friction-lock  bracket  and 
twin-wire  arch  (Johnson).  H,  Modified  edgewise  bracket  with  vertical  slot  for  T-spring  auxiliary  (Broussard). 
I,  Plastic  direct  adhesion  bracket.  J,  Unipoint  bracket  and  pin  for  light  wire  (Begg).  K,  Ripple  bracket  for 
twin  and  single  round  wire  (Townend).  L,  Edgewise  bracket  for  light  wires  (Jarabak).  M,  Light  wire 
simplex  bracket  for  Alastik-ring  fixation.  N,  Long  flange  bracket  for  light  wire  with  root-paralleling 
spring.  O,  Combination  light  wire  and  siamesed  edgewise  bracket  with  specialized  pin  with  round  wire 
channel  (Fogel-Magill). 
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are  still  worthy  of  study.  Even  rapid  expansion 
of  the  maxilla  and  root  movement  of  individual 
teeth  were  attempted  in  this  era. 

The  individual  tailored  band  was  introduced 
in  platinum  in  1871,  and  the  development  of 
oxyphosphate  cement  at  this  time  allowed  such 
bands  to  be  cemented.  Therefore  the  truly  fixed 
appliance  evolved  gradually,  but  this  did  not 
prevent  a  remarkable  number  of  applications 
being  developed  with  delicate  appliances  in  fine 
gold.  Elastic  traction  was  extensively  used 
from  1850  but  was  often  rejected  as  it  is  now 
owing  to  unfavourable  movements  of  anchor 
teeth.  However,  when  elastics  were  used  for 
intermaxillary  traction  (Baker  anchorage)  this 
widened  the  sphere  of  orthodontics  into  facial 
aesthetics  by  correction  of  the  mal-relationships 
between  the  arches  rather  than  just  individual 
tooth  corrections.  The  great  artist  and  clinician 
Norman  Kingsley  (1880)  suggested  the  inclined 
plane  in  vulcanite  for  the  same  purpose  and 
‘  jumping  the  bite  ’  became  popular,  while  pre¬ 
viously  in  1850  he  had  suggested  occipital  trac¬ 
tion  for  distal  movement  of  the  upper  arch. 

Fixed  levers  or  whips  were  also  introduced  by 
Nutting  Farrar,  who  also  refined  the  fixed  screw 
and  introduced  appliances  for  incisor  root  move¬ 
ment  and  eventually  became  involved  in  disputes 
as  to  the  originality  of  these  and  other  devices 
with  the  young  but  vocal  orthodontist,  Edward 
Angle.  The  situation  at  this  time  was  commented 
on  acidly  by  Clark  (1887)  in  New  York  to  the 
effect  that  Dr.  Farrar  with  his  complicated  net¬ 
work  of  springs  and  pulleys  appears  to  have  no 
failures,  while  Dr  Talbot  with  piano  wire  is 
equally  successful.  Dr.  Kingsley  who  ignores 
and  condemns  both  is  always  right,  but  Dr. 
Jackson  who  apparently  does  all  with  split 
plates  speaks  of  but  one  failure.  Dr.  Clark  then 
suggested  that  this  was  not  the  impression  gained 
by  one  who  had  these  patients  to  treat  subse¬ 
quently,  and  these  strictures  on  the  disputes 
between  the  advocates  of  the  various  techniques 
then  available  might  well  be  applicable  to  the 
present  time. 

THE  DEVELOPMENT  OF  ORTHODONTIC 
BRACKETS  AND  PHILOSOPHIES  OF 
TREATMENT 

With  the  appearance  of  Angle  (1907)  ortho¬ 
dontics  became  a  speciality,  as  he  encouraged  men 
to  limit  their  practice  in  this  subject,  while 
previously  orthodontics  had  been  undertaken 
by  men  in  the  highest  class  of  general  practice. 
He  sponsored  German  silver  appliances  which 
allowed  a  system  of  orthodontic  components  to 
be  offered  commercially  at  an  acceptable  price  to 
the  profession.  Removable  appliances  were 
eventually  completely  discarded  by  him  owing 
to  their  relative  inefficiency  at  that  time.  He 
developed  a  system  of  fixed  appliances  capable 
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of  correcting  the  teeth  to  a  so-called  ideal  arch 
form  using  intermaxillary  traction  to  correct 
the  occlusion  by  forward  movement  of  the 
lower  arch. 

Angle  first  advocated  the  4  E  ’  (for  expansion) 
arch  which  was  constructed  from  a  heavy,  round, 
German,  silver  wire,  with  screw-activated  nuts, 
by  which  the  arch  could  be  advanced  in  molar 
tubes  and  the  arch  size  enlarged  in  all  dimensions. 
The  teeth  were  alined  to  the  arch  by  waxed 
thread  or  wire  ligatures  engaged  in  notches  on 
the  arch  (Fig.  2  A).  Even  now  these  appliances 
can  still  be  seen  very  occasionally  in  practice, 
especially  in  patients  coming  from  Far  Eastern 
countries.  At  around  1910  Angle  was  influenced 
by  a  misinterpretation  of  Wolff’s  Law  of  Bone 
(1892)  and  the  famous  Hunning  case  (Brodie, 
1950),  and  from  then  on  he  began  his  attempts  to 
control  the  angulation  of  the  teeth  more  exactly 
and  thus,  he  thought,  to  grow  bone.  New  gold 
alloys  allowed  Angle  to  introduce  the  pin  and 
tube  technique  in  1912  for  root  movements  but 
this  proved  to  be  beyond  the  capabilities  of  most 
men  technically  (Fig.  2B). 

As  one  of  the  first  advocates  of  the  use  of  the 
drawn  tube  in  orthodontics  Angle’s  mind 
naturally  turned  first  to  this  possibility,  and 
therefore  the  pin  and  tube  cannot  be  considered 
as  the  first  true  bracket.  This  most  important 
step  came  in  1920  with  the  ribbon  arch  and 
slotted  bracket  (Fig.  2C)  and  the  almost  equally 
important  pin  fixation  of  the  arch.  Although 
termed  a  ribbon  in  reality  this  was  an  archwire 
with  quite  a  thick  cross-section,  and  again  theory 
outdistanced  practice  and  tooth  pressures  were 
high  and  control  proved  difficult,  especially  in 
the  premolar  region.  Angle  thereupon  placed 
this  arch  edgewise  on  into  a  horizontal  slotted 
bracket  (Fig.  2D),  and  the  edgewise  appliance  was 
produced  in  1928.  This  4  latest  and  best  in 
orthodontic  technique  ’  as  he  called  it  allowed  a 
very  exact  control  of  the  tooth  position  in  all  its 
relationships,  and  the  prediction  of  the  ideal 
arch  form  without  always  the  consideration  of 
the  individual  morphology  of  the  patient  became 
a  fashionable  study. 

It  must  not  be  thought  that  the  American 
orthodontic  scene  consisted  only  of  Angle. 
Possibly  the  greatest  all-round  clinician  and 
orthodontist  was  Calvin  Case  (1921),  who  not 
only  disputed  in  famous  dialogues  with  Angle  on 
his  non-extraction  doctrine  but  was  also  a  tech¬ 
nician  of  the  very  highest  order.  At  the  beginning 
of  this  century  he  could  undertake  root  move¬ 
ment  using  two  archwires  and  was  one  of  the 
first  people  to  use  a  light  round  wire  for  gentle 
tooth  movements  (Yudelson,  1967),  although  the 
poor  properties  of  the  German  silver  and  gold 
wires  at  this  time  rendered  such  attempts  difficult. 

In  the  1930’s  the  danger  of  heavy  forces  in 
orthodontic  treatment  was  brought  to  the  notice 
of  the  profession  by  animal  experimentation  by 


Oppenheim  (1911)  and  other  German  emigres 
in  America;  also  Ketcham  (1926)  showed  clini¬ 
cally  that  orthodontic  treatment  with  the  heavy 
forces  applied  by  the  fixed  appliances  of  the 
time  could  cause  root  resorption.  Appliance 
systems  were  then  introduced  allowing  the  use  of 
light  forces  in  orthodontics  and  occipital  traction 
was  reintroduced.  One  of  the  instructors  in 
Angle’s  school  was  Spenser  Atkinson  (1937), 
and  from  him  came  the  universal  appliance  and 
bracket  utilizing  a  light  ribbon  arch  {Fig.  2E) 
to  control  individual  tooth  movements  in  the 
three  planes  of  space,  and  fine  round  wires  to 
give  the  optimum  control  and  pressure  for  the 
tooth  movement.  Johnson  (1934)  then  introduced 
the  twin-wire  arch  in  which  two  fine  round  wires 
{Fig.  2G)  enclosed  in  buccal  tubes  are  used  to  the 
optimum  effect  in  correcting  multiple  incisor 
rotations,  for  which  it  still  cannot  be  bettered. 

An  alternative  gentle  approach  was  developed 
by  Mershon  (1920),  who  introduced  the  remov¬ 
able  lingual  arch  with  gold  auxiliary  springs. 
This  also  allowed  light  pressures  to  produce  a 
considerable  range  of  tooth  movements,  especi¬ 
ally  when  combined  with  the  high  labial  arch 
introduced  by  Lowrie  (1928)  which  has  remained 
popular  as  it  is  inconspicuous.  The  historical 
aspects  of  orthodontics  up  to  this  date  are 
extensively  documented  by  Weinburger  (1926). 

An  expansionist  and  non-extraction  approach 
was  still  aimed  for  by  exponents  of  these  appliance 
systems.  The  implication  by  Angle  that  relapses 
were  caused  by  insufficient  skill  in  building  the 
arch  form  inhibited  many  from  revealing  their 
compromises  and  failures.  Retention  pro¬ 
cedures  were  a  vital  part  of  treatment  both  in 
fixed  and  removable  forms,  as  with  the  design  of 
Hawley  (1919).  Although  Angle  would  privately 
admit  there  might  be  cases  in  which  a  reduction  in 
tooth  tissue  was  mandatory  he  felt  that  it  was 
unwise  to  teach  such  compromises.  His  disciples, 
as  always,  were  far  more  extreme  in  attitude  and 
Lowe  Young,  a  great  exponent  of  the  Angle 
appliances,  was  an  example.  He  is  quoted  by 
Porter  (1947)  as  stating  in  discussion  of  a  paper 
by  Dr.  Case:  ‘  I  have  greatly  enjoyed  your  paper 
but  want  this  audience  to  know  that  you  have 
done  more  harm  today  (by  advocating  occasional 
extractions)  than  you  have  ever  done  good  in 
your  whole  life  The  apex  of  the  Angle  philos¬ 
ophy  was  similarly  presented  in  Strang’s  (1933) 
A  Textbook  of  Orthodontia  in  which  the  possibility 
of  extractions  is  not  discussed.  It  does  contain, 
however,  an  excellent  historical  section. 

THE  BRITISH  CONTRIBUTION  TO  FIXED 
APPLIANCES 

There  appears  always  to  have  been  a  bias  in 
this  country  towards  the  simple  approach  and 
the  use  of  the  removable  appliance  and  there¬ 
fore  this  cannot  be  attributed  to  present-day 


expediency.  Colyer  (1900)  illustrates  many  useful 
removable  appliances,  and  split-plate  designs 
using  piano  wire  in  the  form  of  U  springs  called 
after  the  Coffins,  two  American  dentists,  father 
and  son,  both  practising  in  London  at  the  end  of 
the  nineteenth  century,  were  popular  for  a  long 
period.  Early  forms  of  orthodontic  treatment 
including  inclined  planes  were  mentioned  by 
Hunter  (1771),  the  great  English  surgeon  and 
anatomist  of  the  eighteenth  century.  He  did  not 
despise  earning  the  ‘  damned  guinea  ’  as  he 
termed  it  by  advising  on  replanting  teeth  and 
other  dental  procedures. 

The  first  clinician  to  be  appointed  to  teach 
solely  orthodontics  was  Chapman  at  the  London 
Dental  School,  and  the  chapters  by  him  on 
orthodontics  in  Bennett’s  (1931)  text,  The  Science 
and  Practice  of  Dental  Surgery  are  still  notable,  as 
are  his  reminiscences  (Chapman,  1954,1956).  Both 
Chapman  and  Friel  attended  the  School  of 
Angle,  and  Friel  in  Dublin  became  the  first 
man  in  the  British  Isles  to  limit  his  practice  to 
orthodontics.  The  American  orthodontic  develop¬ 
ments  were  followed  but  applied  in  a  modified 
fashion  as  the  prolonged  treatments  required  for 
the  non-extraction  approach  could  seldom, 
fortunately,  be  applied  in  British  practice. 

The  advance  of  stainless-steel  technology  in 
dentistry  is  tied  closely  to  the  industrial  applica¬ 
tion  and  development  of  this  material.  The  first 
all-steel-bodied  car,  the  1914  Dodge,  was  de¬ 
signed  by  the  Budd  Company  of  Philadelphia. 
As  gas  welding  was  found  to  be  not  entirely 
suitable  for  this  application,  arc  welding  was 
developed  by  J.  W.  Meadowcroft,  an  English 
Employee  of  the  same  company.  A  visit  by  W.  R. 
Morris  (later  Lord  Nuffield)  eventually  resulted 
in  the  setting  up  of  the  Pressed  Steel  Company  of 
Cowley  (Hendry,  1970).  Previously,  however, 
Andre  Citroen  of  France  had  obtained  the  rights 
of  the  Budd  patents  in  1924  and  he  introduced 
all-steel-bodied  cars  into  the  continent  including 
the  remarkably  long-lived,  front-wheel-drive, 
prewar  Citroens.  It  is  therefore  not  surprising 
that  the  introduction  of  stainless  steel  into 
orthodontics  was  by  Da  Costa  in  France.  This 
major  advance  in  technique  was  taken  up  in 
Britain  by  Friel  (1933),  who  improvised  a  method 
of  constructing  molar  bands  from  welded  strips 
of  the  material  which  is  still  in  use  today.  He 
also  showed  how  removable  lingual  arches  and 
auxiliary  springs  could  be  constructed  from 
stainless  steel  in  delightful  ways  which  many  of 
us  treasure  as  our  training  exercises. 

Stainless  steel  was  cheap  but  remarkably 
strong  with  many  good  features,  but  one  problem 
which  prevented  its  widespread  application  at 
that  time  was  that  only  cumbersome  welders 
were  available.  Watkin  in  Liverpool,  who  had 
originally  trained  as  an  engineer,  in  spite  of  some 
initial  reservations  about  the  material,  also  took 
up  its  application  and  developed  a  relatively 
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mobile  welder  which  greatly  facilitated  the 
application  of  the  technique  clinically.  He  also 
introduced  (Watkin,  1933)  the  remarkable  loop- 
and-tube  appliance  which  in  capable  hands  could 
bodily  retract  the  upper  incisors  with  very  little 
loss  of  anchorage,  and  also  can  still  be  advan¬ 
tageously  utilized  in  many  sectional  forms  for 
local  tooth  movements. 

Directly  after  the  Second  World  War  the  twin- 
wire  arch  was  introduced  into  this  country  by 
Townend  (1948),  who  adapted  its  construction 
to  the  stainless  steel  available  and  introduced  the 
ripple  bracket  (Fig.  2K)  which  could  also  be 
constructed  from  stainless-steel  tape.  In  this 
form  the  appliance  was  used  widely  in  this 
country,  especially  in  cases  of  marked  incisor 
imbrication,  and  is  still  in  routine  use.  In  an 
attempt  to  improve  the  finish  of  cases  using  a 
simple  approach  and  the  ripple  bracket  a  round- 
wire  arch  system  with  vertical  loops  was  devel¬ 
oped  by  Hill  (1954)  of  the  London  Eastman 
Dental  School.  These  two  approaches  with  the 
various  labiolingual  applications  previously  des¬ 
cribed  comprised  British  orthodontic  fixed- 
appliance  therapy  until  recently.  This  outline 
of  the  development  of  fixed  appliances  in  this 
country  is  necessarily  sketchy  and  incomplete. 
As  there  are  others  better  qualified  than  I  to 
record  this  type  of  material  perhaps  it  could  be 
time  to  form  a  historical  section  of  this  Society. 

In  the  provision  of  orthodontic  treatment  for 
the  community  since  the  inception  of  the  Health 
Service  in  1946  it  has  been  found  that  an  extrac¬ 
tion^  policy,  when  based  on  sound  diagnostic 
and  biological  principles  will  allow  a  spontaneous 
resolution  of  many  cases  of  irregularity  (Ballard, 
1971).  The  treatment  of  the  majority  of  cases 
requiring  active  treatment  can  be  satisfactorily 
accomplished  by  a  system  of  efficient  but  simple 
removable  appliances  after  designs  by  Adams 
(1955)  and  many  others.  Complex  tooth  move¬ 
ments  are  required  only  in  a  minority  of  cases 
and  then  appropriate  fixed  appliances  can  be 
utilized,  often  in  the  form  of  local  sectional 
techniques  (Hooper,  1964).  This  approach  has 
allowed  1  in  4  children  to  receive  some  form  of 
orthodontic  treatment  under  the  British  National 
Health  Service  (Godber,  1968),  which  approxi¬ 
mates  closely  to  the  observed  level  of  need  in  the 
community  (Tulley,  1964). 

RECENT  DEVELOPMENTS  IN  THEORY 
AND  PRACTICE 

Between  1940  and  1950  our  American  ortho¬ 
dontic  colleagues  adopted  stainless  steel  for  fixed 
techniques,  but  found  it  necessary  for  patient 
acceptance  to  rename  it  temporarily  chrome 
alloy.  A  more  fundamental  change  resulted 
from  studies  with  the  then  new  cephalometric 
method,  which  revealed  that  the  results  of  treat¬ 
ment  with  fixed  appliances  and  intermaxillary 
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traction  were  limited  to  tooth  movements  within 
the  alveolar  process.  This  appeared  to  confirm  the 
concept  of  Lundstrom  (1925)  of  an  immutable 
dental  base,  and  the  limitations  of  orthodontic 
treatment  put  forward  by  Nance  (1947). 

The  men  trained  by  Angle  were  rescued  from 
this  dilemma  by  a  new  diagnostic  method  and 
approach  with  the  edgewise  appliance  from 
Tweed  (1953).  This  was  based  on  an  ideal  and 
stable  positioning  of  the  lower  incisors  in  a 
maxillofacial  triangle  and  the  routine  4  bicuspid 
extraction  case  became  an  acceptable  clinical 
approach  in  a  remarkable  change  of  attitudes. 
Unfortunately  the  concept  of  a  ‘  norm  *  in 
facial  form  to  be  aimed  at  by  the  clinician  was 
also  born  at  the  same  time.  It  must  be  mentioned 
that  these  restrictive  views  on  the  potential  of 
orthodontic  corrections  were  never  accepted  by 
Continental  orthodontists  (Hausser,  1969),  who 
maintain  that  permanent  change  in  jaw  relation¬ 
ships  could  be  achieved  by  functional  techniques, 
at  which  they  excel.  Whether  there  could  be  a 
variation  in  response  with  individual  morpho¬ 
logical  types  may  be  better  defined  in  the 
future. 

In  Great  Britain  in  the  post-war  period  an 
extensive  researching  of  the  oromuscular  environ¬ 
ment  by  Rix,  Ballard,  Tulley,  and  many  others 
resulted  in  the  concept  that  orthodontic  treat¬ 
ment  should  be  restricted  to  corrections  within  a 
dominant  and  largely  unchangeable  inherited 
soft-tissue  form.  Recently  the  observations  of 
Mills  (1968)  on  the  very  limited  changes  in  posi¬ 
tion  of  the  lower  incisors  brought  about  by  treat¬ 
ment  have  appeared  to  confirm  such  an  attitude. 
Generally  it  may  be  said  that  stability  after 
treatment  is  an  essential  aim  in  British  ortho¬ 
dontics  and  the  use  of  a  canine-to-canine  fixed 
retainer  is  regarded  with  suspicion.  Experimental 
evidence,  however,  using  strain-gauge  and  other 
techniques  consistently  refuses  to  support  the 
concept  that  the  teeth  are  in  balance  between  the 
lips  and  tongue  either  in  the  incisor  region  (Gould 
and  Picton,  1962)  or  in  the  buccal  segments 
(Dixon,  1959),  and  a  further  breakthrough  in 
experimental  technique  may  be  required  to 
clarify  the  situation. 

At  the  present  time  the  anatomical  concept  of  a 
functional  matrix  (Moss,  1962),  and  the  remark¬ 
able  clinical  achievements  of  Fraenkel  (1966, 1970) 
using  functional  appliances  designed  to  change 
the  muscular  environment  of  the  occlusion  may 
represent  a  reverse  trend.  In  the  fixed-appliance 
field  also  the  progressive  approach  (Ricketts  and 
Hilgers,  1972)  now  offers  a  computerized  forecast 
of  adult  facial  form,  and  the  necessity  at  times  to 
consider  retention  after  active  treatment  until  the 
maturation  of  the  soft  tissue  and  skeletal  form  of 
the  child  maintains  the  correction.  If  this  allows 
the  individuality  of  each  patient  to  be  truly 
expressed  it  will  be  a  major  advance  in  diagnostic 
technique,  but  it  is  doubtful  if  clinical  experience 


can  ever  be  completely  surplanted  as  there  is 
always  the  exceptional  patient. 

Generally  there  is  a  revival  of  interest  in  the 
possibility  of  orthodontic  treatment  improving 
total  facial  form.  Criticism  is  heard  of  radical 
extraction  approaches  on  the  grounds  that 
clinically  an  excessively  concave  profile  or  *  dish- 
face  ’  can,  result  and  the  matter  has  not  as  yet 
been  resolved  by  cephalometric  study  of  the 
profile  (Hershey,  1972).  In  such  times  of  con¬ 
troversy  a  reasonably  balanced  view  can  only  be 
obtained  by  considering  the  subject  in  historical 
perspective.  Eventually  stereophotogrametry  tech¬ 
niques  may  allow  the  effects  of  orthodontic 


Fig.  3. — Root  paralleling  |3  by  auxiliary  spring 
with  the  Begg-type  light  round  wire  appliance 
{Mr.  G.  H.  Roberts ). 


treatment  on  the  total  facial  integument  to  be 
assessed  in  a  less  subjective  manner. 

Comment  must  be  made  on  the  light-wire 
differential  force  approach  (Begg,  1956,  1961) 
which  has  greatly  invigorated  current  fixed- 
appliance  technique.  Historically  this  technique 
is  interesting  as  Begg  originally  used  Angle’s 
ribbon-arch  bracket  {Fig.  2J)  but  with  a  light 
round  arch  and  a  markedly  extractionist  policy 
supported  by  observations  of  attritional  loss  of 
tooth  tissue  in  the  Australian  aborigine.  One 
remembers  that  Angle’s  expansionist  doctrine 
was  partly  based  on  the  occlusal  form  of  ‘  Old 
Glory  a  negroid  skull,  and  such  observations  on 
ethnic  groups  other  than  those  under  treatment 
will  always  be  suspect. 

The  most  valuable  bite-opening  and  rapid 
corrective  movements  obtained  in  the  early  phases 
of  the  Begg  treatment  were  revolutionary.  Such 
a  wide  range  of  tooth  movement  was  made  pos¬ 
sible  by  the  development  in  Australia  of  a  very 
high-tensile  wire  and  by  the  long-ignored 
low-friction  advantages  of  pin  fixation.  Many 
converts  were  made  throughout  the  world  to 
fixed  appliances  but  they  found  that  the  Begg 
man  must  be  courageous  as  each  stage  of  the 
treatment  requires  precise  judgement  of  anchor¬ 
age  and  a  most  co-operative  patient.  The  many 
problems  are  described  by  Parker  (1969)  and 


it  is  no  longer  felt  generally  that  this  technique 
is  a  short  cut  to  a  high-volume  practice  in 
fixed  appliances.  However,  the  concept  of  a 
third  or  finishing  treatment  stage  in  which  all 
tooth  contacts  are  regularized  and  root  angu¬ 
lations  are  corrected  with  incisor-torquing 
and  root-paralleling  auxiliaries,  if  necessary 
{Fig.  3)  is  now  mandatory  for  all  methods 
which  aspire  to  the  designation  of  a  precision 
technique. 

The  edgewise  appliance  has  in  the  meantime 
remained  the  dominant  appliance  in  North 
America.  A  conservative  approach  to  extraction 
is  still  common  but  the  appliance  also  has  been 


Fig.  4. — Modern  edgewise  treatment  with  rect¬ 
angular  wire  {Dr.  J.  D.  Atherton). 


remarkably  adapted  by  many  clinicians  to  an 
extraction  approach.  The  major  part  of  treat¬ 
ment  is  now  usually  carried  out  with  light  round 
wires;  not  a  new  approach  as  Hawley  (1925) 
described  the  preliminary  use  of  a  round  wire 
when  using  a  ribbon-arch  technique.  Vertical 
loop  arches,  as  with  the  Stoner  (1960)  and 
Jarabak  (1960)  systems,  are  one  approach  to 
avoid  the  high  frictional  resistance  of  the  hori¬ 
zontal  bracket.  The  ‘  crowbar  ’  of  old  has  dis¬ 
appeared  and  auxiliary  springs  (Fig.  2H)  with 
modified  or  siamesed  brackets  are  used,  while 
light  round  wires  are  preferred  initially  for  bite 
opening  and  simple  movements.  The  finishing  of 
cases  by  the  use  of  rectangular  wire  is  still 
unexcelled  in  the  best  hands  {Fig.  4)  but  unfortu¬ 
nately  the  technique  is  time  consuming  and  this  is 
reflected  in  less  than  1  in  20  children  receiving 
orthodontic  treatment  in  the  other  English- 
speaking  countries  which  follow  this  approach 
(U.S.A. :  4  per  cent  treatment  level  with  over 
5000  orthodonticts  (Brophy,  1971);  Australia: 
2  per  cent  treatment  level  (McKinnon,  1964); 
Canada  1-4  per  cent  with  over  150  certificated 
orthodontists  (Vasiga,  1970)).  There  is  obvi¬ 
ously  need  of  a  middle  ground  where  the  children 
of  the  community  are  covered,  as  in  the  British 
situation,  but  an  element  of  high-quality  treat¬ 
ment  is  available  as  elsewhere. 
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From  a  purely  technical  viewpoint  it  may  be 
said  that  the  distinction  between  an  idealistic 
level  of  orthodontic  care  and  otherwise  is  not 
now  defined  by  the  use  of  fixed  or  removable 
appliances.  It  is  by  the  production  of  a  finished 
case  with  all  the  tooth  angulations  and  contacts 
regularized  and  the  occlusion  levelled,  usually 
with  a  multiband  precision  type  appliance;  as 
against  a  so-called  compromise  treatment  with 
either  simple  fixed,  or  removable  appliances. 
The  term  ‘  compromise  treatment  ’  ought  not 


Fig.  5. — A  versatile  approach  with  universal 
appliance  components. 


to  be  considered  derogatory,  as  from  the  biological 
standpoint  the  advantages  of  each  approach 
have  yet  to  be  resolved ;  perhaps  ‘  combined 
therapy  ’  would  be  a  better  term,  indicating  that 
it  may  be  in  many  cases  the  best  approach.  The 
advantages  of  simplicity  of  technique  and  a  short 
treatment  time  are  considerable  in  patients  with 
less  than  ideal  tooth  quality  or  dental  conscious¬ 
ness.  Every  patient  should  be  considered  as  an 
individual  and  fine  finishing  in  the  buccal  seg¬ 
ments  should  be  undertaken  as  an  elective  pro¬ 
cedure  and  not  just  as  an  exercise  in  technical 
expertise  governed  by  adherence  to  a  rigid  techni¬ 
cal  approach. 

The  desire  to  use  several  archwires  of  markedly 
different  characteristics  during  treatment  pro¬ 
cedures  appears  to  be  increasing.  Ever  heavier 
third  stage  arches  or  even  dual  wires  (Haynes, 
1968)  are  used  in  the  Begg  system  to  overcome 
finishing  problems  with  this  technique,  and 
exponents  of  the  Ricketts  approach  now  manage 
to  accommodate  both  a  round  wire  and  a  square 
wire  in  a  modified  edgewise  bracket.  There  is  an 
interesting  development  in  the  so-called  ‘  combin¬ 
ation  '  brackets  of  which  the  Begg-Chun  (Fig. 
2F)  was  an  early  example  accommodating  both 
round  and  edgewise  arches  with  pin  fixation.  A 
recent  introduction  is  the  Fogel-Magill  (1969) 
bracket  (Fig.  20)  with  both  a  bundle  arch  and  an 
edgewise  arch  with  pin  fixation.  Some  consider 
that  the  Atkinson  Universal  system  (Fig.  5)  is  still 
the  best  design  in  this  field  as  it  allows  the  use  of 
both  very  light  round  wires  for  gentle  tooth 
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movement  and  also  precision  finishing  with  a 
ribbon  arch.  Such  approaches  are  designed  to 
avoid  the  marked  frictional  disadvantages  of  the 
horizontal  bracket,  with  binding  preventing 
tooth  movements  along  the  archwire  (Nicolls, 
1968),  and  yet  to  retain  optimum  control  for 
precision  alinement  of  the  teeth. 

There  are  indications  that  in  some  quarters  in 
all  countries  thought  is  being  given  to  combining 
the  advantages  of  the  removable  and  the  fixed- 
appliance  systems.  In  the  U.S.A.  there  is  a 
tendency  away  from  the  previously  inevitable 
*  full-strap  up  ’,  as  even  the  American  patient  can 
show  a  resistance  to  banding  (Moyers,  1964). 
Recently  an  excellent  article  on  the  advantages  of 
retracting  upper  canines  with  removable  tech¬ 
niques  (Lewis,  1970)  has  appeared  in  the 
American  orthodontic  literature,  while  on  this 
side  of  the  Atlantic,  fixed  attachments  to  remov¬ 
able  systems  are  being  developed  (Hasund,  1969). 

At  present  many  tooth  movements  cannot  be 
efficiently  carried  out  without  sophisticated  fixed 
techniques  (Moyers,  1964).  It  may  be  hoped, 
however,  that  eventually  a  high  level  of  treat¬ 
ment  will  be  attained  without  a  crystallization 
of  clinicians  in  this  country  into  exclusive 
adherents  of  specific  fixed-appliance  systems,  as 
has  occurred  in  North  America.  Such  exclusive 
groupings  and  study  clubs  making  a  cult  of 
their  individual  bracket  tend  to  discourage 
methods  and  advances  outside  of  their  own  sys¬ 
tem.  All  appliances  should  be  the  servant  of  the 
clinician  and  never  the  master,  and  an  integrated 
approach  to  orthodontic  treatment  using  the 
best  features  of  some  of  the  currently  available 
fixed  and  removable  techniques  is  well  presented 
by  Usiskin  and  Webb  (1971).  An  ever-present 
danger  is  that  with  the  delights  of  the  sophisticated 
fixed  techniques  one  can  forget  that  the  primary 
object  is  the  improvement  of  dental  health  of 
the  community,  and  also  that  enamel  and  perio¬ 
dontal  lesions  are  an  unacceptable  penalty  of 
orthodontics. 

A  rapidly  advancing  technological  field  which 
has  a  direct  impact  on  fixed  orthodontic  tech¬ 
nique  is  that  of  methods  of  cementation.  The 
British  discovery  of  carboxylate  cements  (Smith, 
1968)  has  come  nearly  a  century  after  the  similar 
introduction  of  oxyphosphate  cements.  It  was 
some  50  years  after  oxyphosphates  were  avail¬ 
able  that  cementation  of  all  bands  became  uni¬ 
versal.  It  may  be  as  long  before  the  full  potential 
of  the  new  cements  and  the  future  biological 
adhesives  are  integrated  fully  with  clinical  ortho¬ 
dontic  technique.  Remarkable  progress*  has 
already  been  made  and  direct  attachment  of 
brackets  to  teeth  is  now  possible  in  limited  clinical 
applications  (Mizrahi  and  Smith,  1971).  At  the 
same  time  the  introduction  of  plastic  materials 
in  bracket  design  and  even  plastic  substitutes 
for  springs  and  elastics  (Fig.  21,  M)  suggests  that 
in  the  future  one  may  view  the  present  multiband 


systems  as  just  an  evolutionary  phase  in  the 
progress  towards  an  efficient,  yet  biologically 
acceptable,  orthodontic  technique. 

An  orthodontist  looking  to  the  future  must 
now  prepare  for  attacks  on  the  fixed-appliance 
banding  procedure  by  periodontologists.  It  can 
justifiably  be  claimed  that  orthodontics  improves 
dental  health  by  patient  education  and  orientation 
to  a  proper  state  of  dental  consciousness,  while  it 
has  been  conclusively  shown  (Hoover  and 
Lefkowitz,  1965)  that  periodontal  disease  is 
directly  related  to  oral  hygiene  and  that  this  is  the 
greatest  single  cause  of  tooth  loss  in  middle  age. 
Therefore  orthodontists  should  plan  their  treat¬ 
ment  programme  and  appliance  technology  to 
minimize  this  problem.  A  further  argument  that 
can  be  put  forward  is  that  irregular  teeth  are 
prone  to  food  impaction,  and  thus,  both  gingival 
involvement  and  carious  attack  are  reduced  by 
orthodontic  treatment,  although,  to  date,  cross- 
sectional  studies  have  disappointingly  shown 
little  relationship  between  tooth  irregularities  and 
periodontal  conditions  (Beagrie  and  James,  1964), 
or  even  depth  of  overbite  (Alexander  and  Tipnis, 
(1970).  However,  there  can  be  no  doubt  that 
many  individual  cases  can  be  demonstrated  in 
which  gingival  stripping  is  reduced  by  correcting 
tooth  tilting  and  traumatic  tooth  positions, 
and  orthodontic  patients  have  been  shown  to  have 
a  reduced  rate  of  tooth  loss  subsequently 
(Campbell  Wilson,  1969). 

I  would  wish  to  see  all  orthodontic  clinical  case 
reports  accompanied  by  periodontal  assessments 
both  before  and  after  the  treatment  (Dixon, 
1968);  also  orthodontic  texts  could  cover  this 
aspect  more  completely  with  advantage.  This 
might  reassure  the  periodontologists  that  the 
orthodontist  is  properly  concerned  with  the 
dental  health  of  his  patient  in  later  life.  This  is 
particularly  important  at  a  time  when  it  is 
increasingly  believed  that  many  periodontal 
conditions  can  often  be  traced  to  a  breakdown  of 
gingival  tissues  in  early  childhood  (Fish,  1961), 
and  it  is  only  reasonable  to  consider  whether 
bands  disturb  the  epithelial  coll  area  to  some 
extent.  Comparison  of  the  adult  oral  state  of 
patients  with  malocclusions  previously  corrected 
by  both  extraction  and  simple  treatment  methods 
with  that  after  treatment  by  precision  multiband 
techniques  would  be  most  valuable.  Such  infor¬ 
mation  would  allow  progress  in  orthodontic 
appliance  design  to  be  governed  by  biological 
requirements,  and  it  is  hoped  that  university 
departments  of  preventative  dentistry  will  under¬ 
take  such  studies  as  an  urgent  requirement  for  the 
evolution  of  scientifically  based  systems  of  ortho¬ 
dontic  treatment  for  the  community. 

SUMMARY 

1.  Fixed  orthodontic  appliances  are  still  in  a 
state  of  rapid  evolution  and  radical  changes  can 
be  expected  with  advancing  technology. 


2.  Clinicians  should  keep  an  open  mind  and 
refrain  from  becoming  complete  adherents  of  any 
single  appliance  system  and  philosophy  of  treat¬ 
ment. 

3.  A  continuing  interest  should  be  maintained 
in  the  biological  aspects  of  orthodontic  appli¬ 
ance  therapy,  and  in  particular  its  relationship 
to  lasting  dental  health. 

4.  One  can  be  proud  of  the  British  contribution 
to  the  development  of  fixed  appliances  and  the 
application  of  orthodontic  treatment  as  a  public 
health  measure. 
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ORTHODONTIC  TOOTH  MOVEMENT 
USING  A  MULTIBAND  TECHNIQUE 
RECORDED  BY  CINE-PHOTOGRAPHY 


D.  G.  HUGGINS,  B.D.S.,  F.D.S.,  D.Orth. 
Dental  Department  Chester  Royal  Infirmary 

INTRODUCTION 

Audio-visual  systems  have  been  advocated  as 
teaching  aids  and  are  being  increasingly  used  in 
the  medical  and  pharmaceutical  fields. 

Tulley  (1961)  and  Price  (1969)  have  previously 
described  this  medium. 

In  order  to  demonstrate  a  method  of  multi¬ 
band  orthodontic  treatment  to  students  it  is 
advantageous  to  simulate  a  malocclusion  on  a 
typodont  which  allows  tooth  movement  to  be 
accomplished  over  a  period  of  hours  rather  than 
wait  for  biological  processes  to  allow  tooth 
movements  in  the  mouth  over  a  period  of  months. 
The  use  of  this  system  has  been  well  described  by 
O’Meyer  (1967)  and  MacCallum  (1969). 

MATERIALS  AND  METHODS 

A  16-mm.  cine-sound  film  was  used  in  order  to 
illustrate  this  technique.  At  the  commencement 
the  film  shows  instruments  used  in  the  manage¬ 
ment  of  fixed-appliances.  A  malocclusion  with 
a  Class  III  incisor  relation  where  4|4  have  been 
extracted  is  used  to  demonstrate  the  technique 
(Fig.  1).  Lateral  skull  radiographs  and  tracings 
indicate  the  Class  III  dental  base  relation  and 
increased  maxillary-mandibular-plane  angle.  The 
treatment  plan  involves  alinement  of  palatally 
excluded  5[5  by  distal  movement  of  6J6  and 
retraction  of  3|3  so  that  21 1 12  may  be  retroclined 
and  21)12  proclined  in  order  to  achieve  a  Class  I 
incisor  relation. 

The  selection  of  preformed  bands  and  the 
welding  of  attachments  is  illustrated,  followed 
by  the  cementation  of  bands  in  the  correct 
position  on  the  teeth.  Arch  formation  using 
0-4-mm.  extra-hard  stainless-steel  wire  is  facili¬ 
tated  by  using  the  Bonwill-Hawley  Chart. 

Inclusion  in  the  arch  of  traction  hooks  to 
allow  intermaxillary  traction  and  closing  loops 
for  intramaxillary  traction  is  described. 

The  method  of  moving  3J3  distally  is  illus¬ 
trated  using  compressed  coils  on  the  arch  tied 
back  to  6|6  with  0-3-mm.  soft  wire. 

The  typodont  is  now  shown  with  the  arches 
ligated  in  order  to  move  6|6  distally  and  to  aline 


5|5,  with  anchorage  being  supported  by  inter¬ 
maxillary  traction;  3J3  are  being  retracted  using 
compressed  coils  tied  back  to  6|6.  The  typodont 
is  immersed  in  water  at  50°  C.  and  time-lapse 
photography  is  used  to  enable  tooth  movement 


Fig.  1. — Model  showing  the  malocclusion 


to  be  demonstrated  on  a  reasonable  time  scale 
(MacCallum,  1969).  With  3|3  retracted  and 
5|5  alined  the  second  lower  arch  is  placed  which 
has  closing  loops  and  traction  hooks  incorporated 
distal  to  2|2.  Class  III  intermaxillary  traction  is 
shown  supporting  lower  arch  anchorage,  and 
with  closing  loops  activated  the  2\\n  are 
retroclined  and  21 1 12  proclined. 

A  Class  I  incisor  relationship  is  achieved.  A 
comparison  of  the  occlusion  before  and  after 
treatment  concludes  the  sequence. 

CONCLUSION 

The  advantage  of  the  typodont  as  a  teaching 
aid  is  recognized  in  many  centres  and  this  film 
was  produced  so  that  the  student  may  be 
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acquainted  with  the  technique  during  a  15-minute 
showing.  It  is  not  intended  to  be  comprehensive 
and  must  be  supported  by  illustrations  and 
demonstrations  of  the  detailed  application  of 
the  technique. 
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DENTAL  ATTRITION  AND  PRIMITIVE 
CORN  MILLING 


G.  H.  ROBERTS 

Consultant  Orthodontist ,  Royal  Aberdeen  Children's  Hospital 


DENTAL  ATTRITION 

Attrition  of  the  human  dentition  has  been  a 
phenomenon  of  interest  to  many  investigators 
both  past  and  present.  The  condition  causes  the 
gradual  wearing  away  of  the  teeth  during  masti¬ 
catory  function  and  concerns  the  dental  speciali¬ 
ties  of  orthodontics,  periodontics,  and  forensic 
odontology.  Outside  the  dental  profession 
attrition  often  comes  to  the  attention  of  archaeo¬ 
logists  and  physical  anthropologists  and  may  be  of 
more  than  passing  interest  to  students  of  nutrition. 

The  process  may  be  accentuated  by  a  robust 
masticatory  apparatus  and  vigorous  function 
or  by  coarse  gritty  particles  in  the  food.  Even 
fine  silt  mixed  with  the  food  will  cause  surpris¬ 
ingly  rapid  and  as  much  wear  as  coarse-particle 
wear  in  some  circumstances  (Dahlberg,  1960, 1963). 

Sometimes  attrition  is  occupational  or  caused 
by  pipe  smoking.  In  these  cases  the  attrition  is 
more  likely  to  be  localized  or  accentuated  locally. 
Attrition  is  sometimes  associated  with  chewing 
narcotics  which  may  be  mixed  with  silicious 
alkalis.  Attrition  in  prehistoric  or  primitive 
peoples  becomes  generalized  in  senility  but  it  may 
be  very  marked  even  in  childhood.  In  most  races 
the  rate  of  attrition  is  slow  enough  to  enable  the 
pulp  to  protect  itself  by  laying  down  secondary 
dentine  even  though  the  crowns  were  worn 
down  to  gum  level.  For  some  the  diet  is  so 
coarse  that  attrition  leads  to  severe  pathological 
destruction  of  the  dentition  (Johnson  and 
Snow,  1961). 

The  fine  relationships  between  tooth  wear  and 
occlusal  function  have  been  observed  by  many 
investigators,  notably  Begg  (1954),  Murphy 
(1964),  and  Hasund  (1965).  These  researchers 
have  shown  that  attrition  wears  away  not  only 
the  biting  surfaces  of  opposing  teeth  but  also 
the  interproximal  surfaces,  so  that  the  mesio- 
distal  dimensions  of  individual  teeth  are  reduced 
and  consequently  entire  arch  lengths,  since  nature 
endeavours  to  keep  all  the  teeth  in  contact  through 
mesial  migration  of  the  dental  units.  Begg  (1954) 
justifies  tooth  extractions  in  orthodontic  treat¬ 
ment  partly  on  genetic  grounds  and  partly  as 


compensation  for  the  lack  of  attrition  associated 
with  the  modern  diet. 

It  is  generally  assumed  that  attrition  in  former 
times  was  associated  with  a  lower  incidence  of 
dental  caries  than  is  now  experienced.  Neverthe¬ 
less  the  manner  of  eating  and  the  tooth  quality 
must  be  taken  into  account,  for  Perier  (1949) 
commented  that  Esquimo  attrition  is  related  to 
the  response  of  heavy  function,  whereby  teeth 
yield  proprioceptively  in  their  sockets  and  rub 
against  each  other  to  produce  wear  by  friction 
rather  than  by  an  abrasive  agent  in  the  diet  itself. 
Even  with  the  soft  diet  of  the  modem  industrial 
age  dental  attrition  is  occasionally  seen,  as  in 
cases  of  bruxism.  Masticatory  function  often 
succeeds  in  reducing  by  facetal  wear  misplaced 
cusps  interfering  with  the  normal  paths  of 
mandibular  closure. 

Nevertheless  functional  attrition  was  frequently 
caused  or  accentuated  by  grit  in  the  diet  of 
former  times  and  at  the  present  time  in  the  food 
of  contemporary  ‘  primitive  ’  man.  Leigh  (1925) 
found  the  most  severe  cases  of  attrition  that  he 
had  ever  seen  in  the  skulls  of  prehistoric  Kentucky 
Indians,  whose  diet  included  large  quantities 
of  shell-fish  which  is  a  good  vehicle  for  sand. 

One  of  the  most  accurate  descriptions  of 
attrition  and  its  long-term  effects  on  the  dentition 
was  written  not  by  a  dental  surgeon  but  by  a 
sheep  rancher,  Lucas  Bridges  (1948),  who  elo¬ 
quently  described  the  condition  in  elderly  Indians 
of  Tierra  del  Fuego,  a  people  whose  protein/fat 
diet  also  included  large  amounts  of  shellfish. 

It  is  sometimes  stated  that  com  grinding  with 
millstones  was  a  source  of  grit  in  primitive  breads 
and  that  this  would  lead  to  dental  attrition.  The 
dental  conditions  of  modern  Bedouin  nomadic 
tribes  are  therefore  of  some  interest,  especially 
as  agriculture  had  its  origins  in  the  Middle  East. 
Clawson  (1936)  described  the  favourite  food  of 
the  Shamnar  Bedouin  as  being  cleaned  wheat 
kernels  slightly  boiled,  dried  in  the  sun  for  a  few 
days,  and  then  lightly  crushed  between  stones. 
The  coarse-ground  wheat  grains  were  then 
exposed  to  the  sun  and  wind  and  the  sand  of  the 
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desert  for  another  long  period  before  being 
cooked  with  soured  camels’  milk.  According 
to  Clawson  sand  in  the  Bedouin  diet  accounted 
for  much  dental  attrition. 

As  sand  in  the  diet  cannot  be  considered  a 
pleasant  addition,  problems  arise  as  to  how  much 


Fig.  1 . — A,  A  Shetland  stone  mortar  (‘  Knocken- 
stane’).  B,  A  trough  quern  (Jericho,  7000  B.C.; 
Jarlshof  (Shetland)  2000  B.C.).  C,  ‘  The  hand¬ 
maiden  that  is  behind  the  mill  ’  (Exodus,  chapter 
11,  verse  5). 


grit  and  sand  did  primitively  ground  meals  and 
flours  actually  contain  under  varying  conditions 
of  production  and  whether  they  could  be  re¬ 
moved  before  consumption  as  bread  or  porridge. 
These  problems  are  best  considered  by  studying 
the  evolution  and  development  of  methods  of 
grinding  cereal  grains  with  the  millstones  of 
bygone  days. 

THE  EVOLUTION  AND  TECHNOLOGY  OF 
PRIMITIVE  CORN  MILLS* 

Until  the  advent  of  roller  milling  towards  the 
end  of  the  nineteenth  century  com  milling  was 
essentially  a  method  of  grinding  cereal  grains 
into  meal  or  flour  between  two  stones  of  suitable 
size  and  shape. 

In  Stone-age  times  roots,  nuts,  acorns,  seeds, 
etc.,  were  pounded  into  a  meal  with  some  kind 


*The  word  ‘  corn  ’  in  this  paper  is  used  in  the  Eng¬ 
lish  sense  to  mean  all  kinds  of  grain,  as  distinct  from 
the  more  specific  American  usage  meaning  maize  or 
the  Scottish  signifying  oats. 
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of  pestle  of  wood  or  stone  in  any  suitable  natural 
hollow  or  basin  in  a  convenient  rock.  The  next 
step  was  to  make  a  portable  ‘  hollow  ’  of  stone 
or  wood — the  mortar.  Such  primitive  devices 
are  still  used  at  the  present  time  for  preparing 
food  by  the  cooks  of  isolated  and  primitive 
economies  in  many  parts  of  the  world.  In  Shet¬ 
land  a  stone  mortar  called  a  ‘  Knockenstane  ’ 
was  used  to  bruise  corn  to  within  living  memory 
(Fig.  1A). 

During  Neolithic  times  revolutionary  changes 
in  food  production  occurred  through  the  advent 
of  cultivated  cereal  crops  in  the  Middle  East. 
To  convert  the  harvested  grain  into  flour  grain- 
rubbers  were  developed.  The  mortar  became  a 
wide,  shallow,  stone  basin  and  the  pestle  changed 
into  a  squat  bun-shaped  stone  easily  held  in 
the  hand.  It  could  be  used  to  rub  the  grain  round 
and  round  or  to  and  fro  in  any  direction  within 
the  stone  basin. 

An  alternative  development  was  the  saddle 
quern.  This  consisted  simply  of  a  large  wedge- 
shaped  stone  with  a  sloping  grinding  surface 
slightly  concave  both  lengthways  and  from  side 
to  side.  Sometimes  the  grinding  surface  was 
convex  from  side  to  side,  but  the  slope  of  the 
working  surface  was  usually  upwards  about 
20-25°  from  the  horizontal.  The  operator  of  a 
saddle  quern  knelt  behind  the  large  stone  and 
converted  the  grain  into  meal  by  rubbing  it 
with  a  bolster-shaped  smaller  stone  or  ‘  rider  * 
held  from  side  to  side  across  the  mill  and  rubbed 
in  a  reciprocating  action  up  and  down  the  sloping 
grinding  surface.  No  doubt  the  greatest  pressure 
would  be  applied  during  the  downwards  stroke. 
The  meal  and  broken  grains  would  collect  at 
the  bottom  of  the  slope  and  would  need  to  be 
repeatedly  ground  to  produce  a  fine  meal.  An 
examination  of  such  simple  mills  reveals  that 
the  surface  of  the  riding  stones  by  repeated  use 
wear  down  to  fit  exactly  into  the  curvatures  of 
the  grinding  surfaces  of  the  main  stones. 

Saddle  querns  became  more  sophisticated  in 
as  much  as  the  peripheries  of  the  side-to-side 
concavity  became  built  up  into  side  walls.  The 
quern  thus  became  trough-like,  open-ended  but 
with  the  grinding  surface  sloping  downwards 
exactly  as  before.  This  refinement  no  doubt 
permitted  better  control  and  less  spillage  of  the 
grain  and  meal  during  the  rubbing  process 
(Fig.  1 B). 

The  Old  Testament  records  history  at  the 
time  of  Neolithic  farming  and  refers  to  corn 
milling  on  several  occasions.  When  it  does  so  it 
refers  only  to  saddle  querns  since  rotary  mills 
had  not  yet  been  invented.  Saddle  querns  of  the 
trough-like  kind  were  in  use  in  Jericho  7000 
years  ago  (Cole,  1959).  As  Neolithic  farming 
methods  spread  into  Mediterranean  countries 
and  onwards  into  Northern  Europe  so  did  the 
saddle  quern.  Five  thousand  years  later  they 
were  in  use  at  Jarlshof  in  Shetland,  their  form 


being  exactly  the  same  as  their  precursors  in 
far-off  Jericho.  Even  the  manner  of  operating 
the  mill  is  described  in  the  Bible,  for  a  sad  fate 
awaited  the  Egyptian  ‘  handmaiden  that  is 
behind  the  mill  ’  in  Exodus,  chapter  1 1 ,  verse  5 
(Fig.  1 C). 


the  grinding  surfaces  of  the  mill.  Sometimes  the 
periphery  of  the  upper  stone  was  extended  up¬ 
wards  to  form  a  hopper  for  the  grain  to  feed 
down  between  the  grinding  surfaces  of  the  upper 
and  lower  cones.  Into  the  sides  of  the  top  stone, 
sockets  were  chiselled  to  take  long  levers  for 


Fig.  2. — A,  A  Roman  slave-mill.  B,  Early  quern  from  Sussex,  first  century  B.C.  (Curwen).  C,  A  Roman 

beehive  quern.  D,  A  Scottish  eighteenth-century  quern. 


The  Rotary  Domestic  Quern 

The  saddle  quern  was  used  for  thousands  of 
years  and  is  still  used  in  some  countries.  One 
day,  somewhere,  an  inventive  genius,  no  one 
knows  whom,  conceived  the  idea  of  using  a 
rotary  motion  rather  than  a  reciprocating  action 
for  grinding  corn.  Thus,  the  rotary  domestic 
quern  was  born,  which  was  to  oust  the  older 
saddle  type  because  of  its  greater  efficiency. 

The  domestic  quern  may  have  been  inspired 
by  the  Roman  donkey  or  slave-mill,  which  was  a 
large  affair  driven  by  animal  or  human  muscle 
power.  In  turn  this  may  have  been  copied  from 
Greek  origins  (Curwen,  1937).  Equally  it  might 
be  considered  that  the  large  mill  was  modelled 
on  the  small  hand  quern. 

A  slave-mill  consisted  of  a  large  bottom  stone 
with  a  conical  apex  into  which  an  iron  spindle 
was  inserted  in  a  socket  (Fig.  2  A).  The  upper 
stone  was  an  inverted  hollow  cone  which  fitted 
over  the  lower  stone  but  with  its  weight  carried 
by  an  iron  bridge,  the  mill  rynd,  jammed  across 
the  opening  into  the  upper  stone  and  resting  on 
the  spindle  of  the  lower.  The  surfaces  of  the 
upper  and  lower  cones  sloped  35-40°  and  formed 


donkeys  or  slaves  to  turn  the  mill.  As  the  stone 
turned  the  grains  were  ground  and  appeared  as 
meal  and  broken  grains  at  the  circumference 
of  the  mill. 

The  hand  quern  consisted  of  the  same  five 
basic  parts  as  the  slave  mill,  namely:  an  upper 
stone,  a  lower  stone,  a  spindle,  a  mill  rynd,  and 
a  handle  to  rotate  the  upper  stone  on  the  lower. 
The  first  rotary  domestic  querns  had  some  other 
features  in  common  with  the  slave  mill,  especially 
the  conical  form  of  the  bottom  stone  and  the 
corresponding  concave  under  surface  of  the 
upper  stone.  They  were  quite  small,  being  from 
12  in.  (30  cm.)  to  18  in.  (45  cm.)  in  diameter, 
sometimes  even  less,  but  the  top  stone  of  these 
early  hand  mills  was  thick  and  tall  enough  to 
accommodate  the  conical  shape  of  the  lower 
stone  (Fig.  2B).  The  upper  stone  was  perforated 
from  the  top  to  the  under  surface  for  two  reasons. 
First,  the  hole  fed  the  grain  to  the  grinding 
surfaces,  and  secondly,  the  lower  part  of  the  hole, 
which  was  narrower  at  the  bottom  than  at  the 
top,  carried  the  mill  rynd,  which  was  jammed 
across  the  hole  from  side  to  side  but  was  not 
wide  enough  to  inhibit  the  free  passage  of  grain. 
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The  spindle  was  inserted  into  a  socket  in  the 
centre  of  the  lower  stone.  Its  purpose  was  to 
carry  the  weight  of  the  upper  stone  via  the  mill 
rynd.  The  stones  were  thus  separated  by  a  small 
free-way  space  so  that  only  part  of  the  circum¬ 
ference  of  the  upper  surface  actually  touched 


Fig.  3. — Grinding  surface  of  a  quern  top  stone 
‘  picked  ’  to  sharpen  the  stone  (Shetland). 


the  lower  one  during  the  grinding  process 
initially,  and  then  not  at  all  as  grain  spread  by 
centrifugal  forces  between  the  stones.  To  turn 
the  upper  stone  on  the  lower  stone  either  a  groove 
was  cut  on  the  top  surface  of  the  upper  stone  in 
those  kinds  where  this  surface  was  flat  or  a 
hole  was  drilled  into  the  side  of  the  upper  stone. 
Wooden  handles  were  inserted  into  the  groove 
or  hole  to  drive  the  mill.  Early  querns  used 
wooden  spindles  and  rynds  but  iron  was  a  big 
improvement. 

As  the  querns  evolved  they  became  more 
efficient.  The  early  kinds  allowed  too  rapid  a 
passage  of  grain  down  the  sloping  surfaces. 
The  slope  of  the  grinding  surfaces  was  gradually 
reduced  and  then  the  top  stone  was  made  thinner 
and  thinner.  As  the  stones  became  thinner  their 
diameters  increased,  for  the  most  efficient  grind¬ 
ing  was  obtained  by  centrifugal  forces,  and  the 
greater  the  distance  the  grain  travelled  from  the 
centre  and  was  subjected  to  these  forces  the 
finer  the  meal  was  or  the  greater  the  proportion 
of  grain  broken  down  to  flour. 

The  ultimate  in  evolution  was  the  type  of 
quern  used  to  within  recent  times  in  Northwest 
Europe,  Scandinavia,  Shetland,  Orkney,  and 
the  highlands  and  islands  of  Scotland.  Querns 
from  these  regions  had  flat  or  almost  flat  grinding 
surfaces,  sloping  upwards  a  mere  3  or  4°,  but 
with  a  diameter  up  to  2  ft.  (60  cm.)  or  even  more. 

The  earlier  querns  of  Roman  Britain  had  almost 
flat  surfaces,  but  the  top  stone  was  still  thick 
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and  its  hemispherical  shape  caused  these  mills 
to  be  called  ‘  beehive  querns  ’  (Fig.  2C).  Every 
tenth  man  in  the  Roman  legions  was  responsible 
for  grinding  corn  in  such  a  quern.  The  Iron-age 
querns  of  the  Hebrides  were  larger  in  diameter 
and  were  essentially  two  flat  discs  of  stone  with 
wooden  upright  handle  inserted  in  a  socket  near 
the  outer  edge  of  the  upper  stone  (Fig.  2D). 

The  kind  of  stone  used  to  make  querns  mostly 
depended  on  the  local  rock  formations.  The 
top  stone  of  a  rotary  quern  found  in  North 
Wales  was  made  from  a  pale  grey  dolerite 
(Dancer,  1970).  In  Roman  Cumberland  beehive 
querns  were  sculptured  from  a  crisp  hard  Penrith 
sandstone,  whilst  in  the  north  of  Scotland 
granites  and  mica-schist  were  utilized  in  recent 
times.  Sometimes  the  conglomerate  pudding 
stones  were  used  and  these  would  give  excellent 
grinding  surfaces  through  differential  wear. 
Curwen  (1937)  describes  pot-shaped  querns 
made  of  larva  imported  into  Britain  in  Saxon 
times  and  during  the  Middle  Ages.  Wells  (1964) 
states  that  this  kind  of  quern  produced  flours 
containing  3  per  cent  grit. 

It  is  conceivable  that  mill-stone  particles 
would,  depending  on  the  variety  of  stone, 
contribute  minerals  of  some  nutritional  value, 
for  instance,  fluorides. 

The  fineness  of  the  meal  and  its  proportion  to 
broken  or  unground  grains  exuding  from  between 
the  millstones,  and  the  amount  of  grit,  if  any, 
depended  on  several  variables : — 

1.  The  weight  of  the  top  stone — this  became 
of  minor  importance. 

2.  The  pressure  applied  by  the  operator  (no 
great  weight  or  pressure  was  required). 

3.  The  speed  of  turning. 

4.  The  rate  of  feeding  in  the  grain  and  especi¬ 
ally  the  amount. 

5.  The  diameters  of  the  grinding  surfaces. 

6.  The  kind  of  rock  used  to  make  the  quern 
and  hence  the  degree  of  grittiness  to  tear  open 
the  grains. 

7.  The  use  of  grooved  or  unground  grinding 
surfaces.  During  quern  evolution  a  stage  was 
reached  when  improved  action  was  obtained  by 
cutting  grooves  in  the  grinding  surfaces.  Such 
grooving  had  to  be  carefully  done  and  made  such 
querns  very  expensive.  In  Shetland  stones  were 
picked  with  finer  and  finer  holes  from  the  edge  of 
the  mill  towards  the  periphery — a  cheaper  but 
just  as  effective  method  (Fig.  3). 

8.  The  distance  set  between  the  stones  via  the 
spindle  and  mill  rynd. 

9.  The  kind  of  grain  used  and  whether  raw 
or  first  dried  in  a  kiln  or  poached  in  an  oven. 
Barley  was  the  hardest  grain  to  grind  to  a  meal 
in  a  quern,  wheat  and  rye  being  easier  than  either 
oats  or  barley  (Curwen,  1941). 

10.  The  number  of  times  the  com  needed  to 
be  ground  or  reground  to  produced  meal. 

1 1 .  The  skill  of  the  operator. 


Most  of  these  variables  could  be  controlled 
by  the  operator,  but  as  the  free-way  space  between 
the  stones  was  a  very  important  factor  in  deter¬ 
mining  the  fineness  of  the  meal  the  ultimate 
improvement  was  to  perforate  the  bottom  stone 
as  well  as  the  top  (Fig.  4).  The  spindle  then 
passed  downwards  through  and  accurately 
fitting  the  bottom  hole  to  rest  on  a  simple  lever, 
which  would  be  raised  or  lowered  according  to 
the  desired  space  between  the  stones.  The  smaller 
the  space  the  finer  the  flour  was,  and,  conversely, 
the  greater  the  space  the  coarser  the  meal 
obtained.  If  the  space  was  reduced  too  much 
then  the  stones  would  touch  over  too  great  an 
area  and  excessive  grit  would  result  in  the  flour. 

Parching  the  corn  in  an  oven  hardened  it  and 
made  it  easier  to  grind  in  a  quern.  This  was 
necessary  even  for  the  water  mills  of  North 
Wales  in  the  middle  of  the  nineteenth  century 
(Evans,  1948).  To  remove  the  husk  from  oats 
the  upper  stone  was  raised  a  little  to  allow  the 
grain  to  pass  between  the  upper  and  nether 
stones  uncrushed.  Because  the  grain  had  been 
hardened  during  heat  treatment  the  hull  or  husk 
came  away  in  two  pieces.  After  that  the  husks 
were  separated  from  the  shelled  oats  with  either 
a  riddle  or  a  small  winnowing  fan.  Thereafter 
the  upper  millstone  was  lowered  again  and  the 
shelled  oats  reground  into  oatmeal.  Despite 
this  some  husks  would  still  be  present  in  the  meal, 
and  would  have  to  be  removed  by  further  use  of 
the  sieve. 

Shelled  oats  were  often  used  to  make  ‘  cuwd 
rhynion  ’,  this  being  considered  a  better  porridge 
than  that  made  from  oatmeal.  In  Scotland  the 
products  of  the  first  grind  of  oats  were  fermented 
for  making  ‘  sowans  ’. 

Ancient  methods  of  corn  milling  are  often 
blamed  for  the  production  of  too  much  grit  in 
primitive  flours.  This  no  doubt  often  occurred 
and  resulted  in  considerable  dental  attrition. 
Saddle  querns  very  likely  were  responsible  for 
the  production  of  much  grit,  but  even  in  the 
hey-day  of  the  saddle  quern  grit  could  always 
be  at  least  partly  removed  by  sifting  or  bolting 
through  cloth,  the  residues  being  used  for  animal 
feed. 

When  Joseph  was  cast  into  prison  by  Pharaoh 
the  Jewish  Talmud  says  he  found  the  butler 
and  the  baker  in  the  same  cell.  The  baker’s 
crime  was  to  displease  Pharaoh  by  allowing 
too  much  grit  in  the  flour  used  for  a  state 
banquet. 

With  the  rotary  quern,  grit  was  still  a  problem, 
but  less  than  might  be  supposed.  As  long  as 
grain  was  always  being  replaced  between  the 
stones,  grit  production  would  be  minimal.  If  too 
little  grain  reached  the  interfaces  the  grinding 
surfaces  came  into  contact  with  each  other  much 
more,  resulting  in  a  greater  production  of  grit. 
Much  depended  on  the  skill  and  practice  of  the 
operator. 


For  fine  flour  the  quern  production  required 
to  be  reground  several  times  and  then  bolted 
through  cloth.  As  this  increased  the  amount  of 
labour  needed  only  rich  households  with  many 
servants  could  afford  a  whiter  loaf  of  bread. 
Nevertheless  in  primitive  flours  some  of  the 


Fig.  4. — Final  development  of  the  quern  stone 
showing  how  the  upper  stone  could  be  raised  or 
lowered  by  a  lever  (Unst,  Shetland). 


grain  husk  would  remain,  and  as  the  husk  of 
barley  and  oats  is  particularly  rich  in  silica  this 
alone  would  account  for  some  attrition.  Oat 
husks  are  also  suspected  of  containing  an  anti¬ 
caries  agent.  Over  two-thirds  of  the  ash  content 
of  oat  husk  consists  of  silica,  and  oat  husk  as  a 
by-product  of  modern  milling  is  used  as  an 
abrasive  in  the  air-blasting  of  machined  metal 
components  (Kent,  1966).  In  Norse  Greenland 
querns  were  used  for  many  purposes  such  as 
grinding  roots  of  the  willow  herb  ( Epilobium 
augustifolium),  moss,  or  fish  bones  (Ingstad, 
1966).  Querns  were  used  during  a  long  period 
of  human  history.  In  Cumberland  they  were  used 
up  to  the  early  part  of  the  nineteenth  century 
(Bennett  and  Elton,  1898)  and  they  were  also 
used  as  late  as  this  in  North  Wales  (Evans,  1948). 
On  the  Scottish  islands  they  were  in  use  well  into 
the  present  century,  and  quern-ground  flour  was 
sifted  through  a  sieve  made  from  a  perforated 
sheepskin. 

The  quern  is  a  miniature  mill  driven  directly 
by  human  hands.  In  Britain  larger  mills  were 
developed  in  the  Middle  Ages,  and  human 
muscles  were  taken  over  by  wind  and  water 
power  turning  much  larger  stones.  No  matter 
how  large  the  stones  became  the  essential  working 
parts  of  the  mill  remained  the  same  five  basic 
components  of  the  hand-mill  with  the  handle 
becoming  a  driving  shaft. 

In  some  places  in  Britain  flour  is  still  being 
ground  with  large  stones  driven  by  water  wheels 
with  a  horizontal  shaft.  Until  the  end  of  the 
past  century  small  stone-built  mills  were  in 

173 


common  use  in  Shetland.  They  were  numerous 
not  only  in  Shetland  but  also  in  Norway,  Sweden 
(Mankar,  1965)  and  the  Faroes  (Williamson, 
1948).  They  are  described  as  ‘  Norse  mills  ’  but 
their  origin  was  in  the  Middle  East.  In  Shetland 


2.  A  Shetland  pair  of  quern  stones  from  the 
Island  of  Unst.  These  stones  were  not  an  original 
pair  but  the  top  stone  filled  the  lower  accurately 
enough  to  grind  corn.  Both  top  and  bottom 
stones  were  made  from  a  granitic  gneiss. 


Fig.  5. — A  Shetland  mill. 


Fig.  6. — The  author  using  the  Shetland  quern 
illustrated  diagrammatically  in  Fig.  2. 


their  ruins  can  often  be  seen  alongside  surprisingly 
small  streams.  They  had  vertical  shafts  with 
paddles  forming  a  turbine  called  the  ‘  Tirl  ’  to 
turn  the  top  stone  via  an  adjustable  spindle 
passing  through  the  perforated  lower  stone 
{Fig.  5).  Such  a  mill  was  described  by  one  of  Sir 
Walter  Scott’s  (1896)  characters  in  The  Pirate  as 
a  ‘  miserable  molendinary  ...  a  bairns  wirlygig 
.  .  .  just  one  degree  better  than  a  hand-quern  ’ 
not  able  to  ‘  grind  a  bickerfu  ’  of  meal  in  a  quarter 
of  an  hour  and  that  more  ‘ .  .  .  like  a  mash  for 
horse  than  a  meltitth  for  man’s  use  ’.  Suffice 
it  to  say  that  this  disparagement  was  amply  and 
sturdily  contradicted ! 

EXPERIMENTS  WITH  QUERNS 

In  order  to  find  out  how  much  grit,  if  any, 
became  incorporated  in  quern-ground  flours 
and  under  what  circumstances  a  series  of  experi¬ 
ments  and  flour  analyses  were  carried  out. 

Three  quern  stones  were  used: — 

1.  A  home-made  replica  of  a  Roman  beehive 
quern.  This  was  sculptured  from  Lazonby 
sandstone,  a  rich  red-brown  but  fine  grained  and 
fairly  soft  sandstone.  This  stone  was  really  too 
soft  for  milling  purposes.  Also  it  was  smaller 
than  ancient  beehive  querns,  the  diameters  of 
which  were  at  least  15  in.  (37-5  cm.)  and  more 
likely  18  in.  (45  cm.)  {Fig.  2C). 

174 


Table  I. — Diameters  and  Weights  of  the  Top  Stones 
of  Three  Different  Querns 


Type  of  Quern 

Diameter  of 
Top  Stone 

Weight  of 

Top  Stone 

Aberdeenshire 
Roman  Beehive 
Shetland 

20  in.  (51  cm.) 
12  in.  (30  cm.) 

21  in.  (53  cm.) 

93  lb.  (42  kg.) 

31  lb.  (14  kg.) 

48  lb.  (22  kg.) 

3.  An  original  pair  of  quern  stones  from  the 
upper  reaches  of  the  Don  Valley,  Aberdeenshire. 
Both  stones  were  made  from  unpolished  pink 
granite. 

The  bottom  stones  of  both  the  Shetland  and 
Aberdeenshire  querns  were  perforated  for  an 
adjustable  spindle.  The  dimensions  and  weights 
of  the  top  stones  of  the  three  querns  are  shown 
in  Table  I. 

Four  different  kinds  of  grain  were  ground  to 
flour  in  each  of  the  three  querns:  oats,  barley, 
bere  (from  Shetland),  and  wheat.  All  had  been 
dried  in  modern  grain  driers  except  the  Shetland 
bere. 

It  was  found  for  all  three  querns  that  wheat 
was  the  easiest  cereal  to  mill.  Being  a  naked 
grain  the  100  per  cent  extraction  flour  could  be 
used  to  make  bread,  although  in  actual  fact  for 


experimental  purposes  the  flour  was  separated 
from  the  bran  by  means  of  a  modern  housewife’s 
sieve. 

Bere  was  almost  as  easy  to  grind  as  wheat  but, 
like  oats  and  barley,  it  has  a  husk  or  hull  and 
requires  sieving  to  separate  the  meal.  Bere  is  a 
primitive  barley.  It  was  grown  extensively  in 
various  places  in  prehistoric  times  and  still  is  in 
Shetland  and  Orkney.  Bere-meal  for  making  a 
delectable  porridge  can  still  be  bought  in  Aber¬ 
deen,  and  Kirkwall  shops  sell  bere-meal  bannocks. 
It  is  a  loosely  constructed  grain  with  an  awn 
which  persists  after  harvesting. 

Modern  barley  is  a  very  hard  compact  grain 
and  was  the  most  difficult  of  the  four  cereals  to 
mill  in  all  three  querns.  Curwen  (1937,  1941) 
also  found  barley  the  hardest  grain  to  grind  to  a 
meal.  For  these  experiments  the  variety  Ymer 
was  used. 

Oats  were  found  to  be  easy  to  grind  but  the 
meal  was  more  difficult  to  separate  from  the 
large  amounts  of  hulls  with  the  means  available 
(sieving). 

Each  kind  of  grain  was  ground  to  an  acceptable 
flour,  and  the  number  of  times  a  grain  needed  to 
be  ground  and  reground  depended  on  the  kind 
of  cereal  and  the  quern.  The  grain  needed  from 
one  to  four  times  with  the  Shetland  and  Aberdeen¬ 
shire  querns;  up  to  six  times  was  necessary  for 
wheat,  while  Ymer  barley  with  the  replica  Roman 
quern  required  several  more  times. 

The  Shetland  quern  (Fig.  6)  ground  even  Ymer 
barley  far  more  efficiently  than  the  ‘  Roman  ’ 
mill,  but  much  depended  on  the  weight  of  the 
barley  actually  ground.  The  ‘  eye  of  the  mill,’ 
i.e.,  the  central  hopper  in  the  top  stone,  could 
hold  1  lb.  (454  g.)  of  Ymer  barley,  but  to  convert 
this  amount  of  grain  to  a  meal  it  had  to  be 
ground  and  reground  eleven  times  and  required 
40  minutes  to  produce  14  oz.  (396  g.)  of  unsieved 
meal.  After  sieving,  6  oz.  (170  g.)  of  fine  meal 
and  5  oz.  (142  g.)  of  very  coarse  meal  made  up 
the  final  product  together  with  the  residues  and 
\\  oz.  (42  g.)  was  lost. 

When  too  much  barley  is  put  into  the  mill 
each  grain  acts  like  a  ball  bearing  and  thus  with 
a  large  amount  of  barley  less  weight  is  imposed 
on  the  individual  grains  and  hence  there  is  a 
greater  resistance  to  disintegration  of  the  grains. 
By  reducing  the  amount  of  barley  to  8  oz. 
(227  g.),  meal  was  produced  in  15  minutes. 

One  pound  (454  g.)  of  wheat  required  five 
grindings  in  the  Shetland  quern  to  produce  15^ 
oz.  (432  g.)  of  fine  meal,  but  8  oz.  (227  g.) 
only  needed  four  grindings  in  11  minutes.  The 
Aberdeenshire  quern  required  still  fewer  grind¬ 
ings  for  comparable  amounts  of  all  the  cereals 
used. 

Analysis  for  Grit 

Samples  of  each  kind  of  grain  were  analysed 
at  each  stage  of  production  in  order  to  determine 


the  grit  content  of  the  meals  and  flours  produced 
by  the  three  querns. 

Each  sample  was  ashed  in  duplicate  for  16 
hours  at  480°  C.  The  ash  was  then  extracted 
with  hot  nitric  acid  and  dried  to  provide  a  meas¬ 
ure  of  acid-insoluble  ash,  which  was  largely 
silica.  Any  possible  acid-soluble  content  of 
quern-derived  grit  was  regarded  as  negligible. 

Table  II  shows  the  grit  content  in  samples  of 
successive  millings  of  wheat  in  the  Shetland 
quern. 

Table  II. — Percentage  of  Insoluble  Ash  in  Samples 
of  Undried  Wheat  Flour  ground  in  a  Shetland 

Quern 

Milling 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 

Sixth  (sieved) 

Table  III. — Percentage  of  Insoluble  Ash  in  Samples 
of  Undried  Meals  ground  in  an  Aberdeenshire 

Quern 


Insoluble  Ash  (per  cent) 


Milling 

Oats 

Wheat 

Barley 

(Bere) 

Barley 

(Ymer) 

Whole  grain 

0  81 

013 

0-80 

0-33 

First 

0-94 

005 

0-72 

0-35 

Second 

— 

012 

0-90 

0-26 

Third 

— 

010 

— 

0-34 

Fourth 

— 

— 

— 

0-38 

Sieved 

102 

0-23 

0-64 

0-82 

There  is  a  general  tendency  for  the  grit  content  to 
increase  with  successive  millings.  Inconsistencies 
arise  through  difficulties  of  sampling  and  because  fine 
quern-derived  grit  probably  passes  through  the  sieve 
leaving  husk-derived  ash  with  the  residues.  Never¬ 
theless  the  grit/ash  content  remains  small. 

Biscuits  made  from  wheatmeal  produced  in 
the  Roman  quern  and  incorporating  honey 
tasted  very  good  except  for  the  very  evident  grit. 
Obviously  persistence  with  such  a  diet,  vigor¬ 
ously  chewed,  would  produce  marked  dental 
attrition. 

Biscuits  and  bread  made  from  wheaten  flour 
milled  in  the  efficient  Shetland  quern  did  not 
give  the  slightest  sensation  of  grittiness.  Even 
after  six  millings,  which  is  far  more  than  is 
necessary,  the  grit  content  in  the  flour  remained 
astonishingly  small  although  it  increased  after 
each  successive  grinding  ( Table  II). 

Table  III  shows  the  grit  content  in  successive 
grindings  of  barley  (Ymer),  bere,  wheat,  and 
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Insoluble  Ash 
(per  cent) 
002 
003 
012 
016 
018 
017 
017 


oats  in  the  Aberdeenshire  quern.  The  number 
of  millings  needed  to  produce  an  acceptable 
meal  varied  according  to  the  grain. 

For  the  Roman  quern  roasted  whole  barley 
(Ymer)  grains  were  used.  An  unground  sample 
yielded  0-45  per  cent  of  insoluble  ash.  After 
one  grinding  this  had  increased  to  1-8  per  cent, 
but  very  little  of  the  barley  was  successfully 
milled  at  this  stage.  Six  millings  were  needed  to 
produce  an  acceptable  meal  and  a  sample  of  the 
sixth  milling  yielded  no  less  than  17T  per  cent 
of  insoluble  ash,  representing  the  visibly  obvious 
quern-derived  grit. 

From  these  analyses  it  can  be  seen  that  the 
corn  mills  of  bygone  days  did  produce  some  grit 
in  the  daily  bread  of  the  people,  but  that  it  was 
not  very  significant  when  the  mills  and  the  milling 
were  efficient.  Inevitably  the  amount  of  grit 
would  produce  some  dental  attrition,  but  to  vary¬ 
ing  degrees.  Moreover  the  millstones  themselves 
were  also  subject  to  attrition.  The  fact  that  they 
required  periodic  regrooving,  or  in  Shetland 
repicking,  to  ‘  sharpen  ’  the  grinding  surfaces  in 
itself  indicates  loss  of  stone  into  the  meals  and 
flours.  The  stones  of  Shetland  water-mills  when 
in  continuous  use  had  to  be  repicked  every  2  or 
3  weeks  (Goudie,  1904).  Quite  apart  from  re¬ 
grooving  and  repicking  quern  stones  would 
gradually  wear  thinner  and  thinner  over  a  num¬ 
ber  of  years. 

The  Life  of  a  Quern 

If  01  per  cent  grit  production  is  agreed  for  a 
Shetland-type  quern  then  2000  lb.  (900  kg.)  of 
grain  reduced  to  meal  would  cause  a  loss  of 
2  lb.  (908  g.)  of  grit  from  the  upper  and  lower 
millstones,  i.e.,  1  lb.  (454  g.)  per  stone.  Assuming 
that  one  individual  consumes  the  products  of 

2  lb.  (908  g.)  of  grain  per  day,  then  approxi¬ 
mately  7001b.  (315  kg.)  of  grain  would  be  re¬ 
quired  by  one  person  in  1  year  or  about  1  ton 
(1008  kg.)  in  3  years. 

Therefore  if  a  top  stone  weighing  48  lb. 
(21  -6  kg.)  loses  lib.  (454  g.)  of  its  weight  in 

3  years  the  quern  would  last  96  years,  assuming 
that  it  remained  efficient  until  two-thirds  of  its 
thickness  were  worn  away.  By  picking  the  stone  to 
‘  sharpen  *  it  this  period  would  be  further  reduced. 

Microscopic  Examination  of  Meals  and  Flours 
with  Polarized  Light 

In  addition  to  the  chemical  analysis  wheat 
and  barley  flour  from  the  Shetland  and  Roman 
querns  respectively  was  examined  microscopically 
under  polarized  light. 

Under  such  conditions  starch  granules  show 
as  small  fairly  regular  dots  on  the  microscope 
slide,  silica  particles  (grit)  appear  as  irregular 
masses,  and  fragments  of  barley  husks  as  elon¬ 
gated  shapes. 

The  wheat  flour  from  the  Shetland  quern 
appeared  as  a  homogenous  collection  of  starch 
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granules  with  practically  no  indication  of  grit, 
but  the  barley  meal  from  the  Roman  quern 
showed  as  a  chaotic  mixture  of  starch  granules, 
husk  fragments,  and  grit  particles. 

CONCLUSIONS 

The  experiments  carried  out  with  reinstated 
querns  serve  to  illustrate  that  grit  was  not  an 
unavoidable  ingredient  in  the  diet  of  prehistoric 
or  more  recent  agriculturists.  Milling  efficiency 
combined  with  effective  winnowing,  holting, 
and  sieving  could  reduce  the  grit  content  of 
primitive  meal,  flour,  and  bread  to  negligible 
proportions. 

Wide  variations  in  degrees  of  dental  attrition 
in  skulls  of  comparable  age  from  a  particular 
historical  period  could  be  related  to  the  kind  of 
stone  used  to  manufacture  corn  mills,  the  design 
of  the  mills,  the  efficiency  of  the  miller,  and 
whether  the  skulls  belonged  to  rich  householders 
or  poor  ones. 

Rich  householders,  being  able  to  afford  the 
best  millstones,  could  also  employ  many  servants 
to  produce  fine  meal.  They  could  afford  the 
greater  wastage  entailed  through  successive 
winnowings  and  sievings  and  by  repeated  millings 
which  would  increase  grit  content.  In  this 
manner  they  would  tend  to  experience  less  dental 
attrition  than  their  poorer  brethren  provided 
that  other  items  such  as  raw  shellfish  were  not  a 
major  constituent  in  the  diet. 
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ANTERIOR  RETENTION  IN  THE 
REMOVABLE  APPLIANCE 
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INTRODUCTION 

‘  Will  I  have  to  wear  a  brace  ?  ’  This  question 
must  be  one  of  those  most  regularly  asked  by  the 
young  patient  at  the  first  visit  to  the  orthodontist. 

A  *  brace  ’  is  the  term  used  almost  universally  by 
the  layman  to  describe  an  orthodontic  appliance 
and  is  usually  a  removable  appliance  possessing 
almost  inevitably  a  wire  across  the  anterior  teeth. 
Indeed  for  many  patients  not  actually  undergoing 


treatment,  however,  the  springs  often  produce 
displacing  forces  which  the  labial  bow  may  be 
ill-suited  to  combat  (Fig.  1). 

An  economic  attraction  may  be  that  after  the 
retraction  of  the  upper  canines  in  a  Class  II, 
division  1  case  the  incisors  may  be  moved  back 
on  the  same  appliance  either  by  the  activation  of 
the  labial  bow  itself  or  by  an  auxiliary  self¬ 
straightening  wire  wound  on  to  the  bow.  Where 


Fig.  1. — The  conventional  labial  bow:  (A)  with  the  appliance  supported  by  the  lower  incisors;  (B)  with 
the  teeth  apart — the  activation  of  the  springs  displaces  the  appliance. 


treatment  the  acrylic  palate  and  springs  are  un¬ 
known  ;  only  the  labial  bow  is  instantly  recognized. 

Why  do  so  many  removable  appliances, 
especially  in  the  south  of  England,  include  a 
labial  bow?  Is  it  to  improve  function,  for 
economy,  or  merely  for  the  sake  of  convention  ? 
At  any  rate  one  of  the  most  popular  appliance 
designs  includes  as  its  two  commonest  features: 
universal  clasps  on  the  upper  first  molars,  and  a 
long  labial  bow  with  plain  or  reverse  loops.  In 
itself  this  can  be  a  very  suitable  design  for  a 
retainer.  The  molar  clasps  provide  adequate 
retention  and  the  bow  splints  the  anterior  teeth 
against  the  acrylic  palate.  During  active 


*  Formerly  at  the  Royal  Victoria  Hospital,  Bourne¬ 
mouth,  where  this  paper  was  prepared. 


only  a  slight  overjet  exists  this  may  be  quite 
feasible,  but  in  many  cases  it  is  far  from  ideal. 

The  labial  bow  may  also  function  as  a  guide 
when  teeth  are  moved  across  the  labial  segment, 
but  it  is  frequently  included  on  an  appliance  when 
it  serves  neither  of  these  purposes. 

ANCHORAGE 

The  reason  for  the  widespread  use  of  the  labial 
bow  is  that  it  has  been  held  by  many  authorities 
to  assist  in  maintaining  anchorage  by  preventing 
proclination  of  the  incisors  during  retraction  of 
cheek  teeth  with  a  removable  appliance.  White, 
Gardiner,  and  Leighton  (1968)  state:  ‘A  rigid 
labial  bow  may  be  constructed  to  engage  the 
labial  surfaces  of  the  incisors  at  the  junction  of 


Presented  at  the  Country  Meeting  held  on  24  April,  1971. 
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the  cervical  two-thirds  and  incisal  one-third  of 
each  crown.  Provided  it  is  rigid,  this  bow  will 
splint  the  incisors  ....  and  interfere  with  their 
inclination  labially.’  They  add  that  a  fitted  labial 
bow  makes  the  interference  more  complete. 

Tulley  and  Campbell  (1970)  state:  ‘  If  the  labial 
bow  is  set  near  the  incisal  edge  of  the  upper 
incisors,  and  the  plate  fits  closely  to  the  cingulum 
.  .  .  .  the  plate  does  seem  to  have  a  splinting  effect 


of  exerting  a  force  P2  (Fig.  2B)  on  the  labial  sur¬ 
face  of  the  crown  so  that  an  equal  and  opposing 
couple  P2b  is  set  up  about  the  point  where  the 
acrylic  touches  the  cingulum. 

It  is  difficult  to  determine  accurately  the  posi¬ 
tion  of  the  fulcrum  for  either  rotating  couple  or 
to  estimate  how  much  force  is  delivered  by  the 
acrylic  to  an  individual  incisor  but  it  is  evident 
that  distance  a  will  be  much  greater  than  distance 


i 
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A  B 

Fig.  2. — A,  The  effect  on  an  incisor  of  the  force 
Pi  delivered  by  the  acrylic  of  a  removable  appli¬ 
ance  if  anchorage  is  lost  during  retraction  of 
buccal  teeth.  B,  The  effect  which  a  force  P2  de¬ 
livered  by  a  labial  bow  must  have  if  tipping  of  the 
tooth  is  to  be  avoided. 

on  the  upper  labial  segment  when  teeth  in  the 
buccal  segment  are  moved  distally.  ’ 

Walther  (1967)  in  Orthodontic  Notes  places 
fourth  in  a  list  of  ways  of  reinforcing  anchorage, 
‘ .  .  .  .  labial  bow,  plus  thickening  of  the  plate 
anteriorly.  This  has  the  effect  of  splinting  the 
incisors.  * 

It  is  interesting  to  note  that  these  statements 
are  in  each  case  much  more  cautious  and  qualified 
than  those  in  the  previous  editions  of  the  same 
works.  This  seems  to  indicate  a  growing  disen¬ 
chantment  with  the  labial  bow  as  a  method  of 
increasing  anchorage. 

THE  FORCES  INVOLVED 

A  diagrammatic  representation  of  the  forces 
acting  upon  an  incisor  as  the  cheek  teeth  are 
retracted  (Fig.  2A)  shows  that  the  force  Pi  applied 
by  the  acrylic  base  to  the  cingulum  of  an  upper 
incisor  sets  up  a  rotating  couple  Pxa  about  a  point 
roughly  one-third  of  the  root  length  from  the 
apex  which  tends  to  tip  the  tooth  labially.  To 
prevent  such  tipping  a  labial  bow  must  be  capable 


Fig.  3. — The  traditional  textbook  picture, 
showing  the  labial  bow  (B)  well  below  the  level  of 
the  acrylic  base-plate  (A). 


b.  If  P2b  is  to  approach  Pxa  in  magnitude  this  dis¬ 
crepancy  must  be  minimized  by  moving  Px  as  far 
apically  and  P2  as  far  incisally  as  possible.  The 
force  P2  must  also  be  as  great  as  possible. 

The  extent  to  which  P2  may  be  positioned  in¬ 
cisally  is  limited  by  the  height  of  the  bow  relative 
to  the  shortest  of  the  anterior  teeth  (usually  the 
lateral  incisor)  and  the  ease  with  which  the  bow 
may  be  displaced  incisally  during  wear.  Usually 
it  can  be  placed  securely  no  nearer  the  incisal 
edge  than  one-third  of  the  central  crown  height. 

The  position  of  Px  is  limited  by  the  palatal 
gingivae.  The  diagrams  from  each  of  the  three 
works  quoted  earlier  (Walther,  1967;  White  and 
others,  1968;  Tulley  and  Campbell,  1970)  seem  to 
be  based  on  a  gingivectomized  patient  (Fig.  3). 
A  more  realistic  picture  (Fig.  4)  was  provided  by 
taking  impressions  of  children  with  and  without 
appliances  in  place  and  superimposing  tracings  of 
the  sagittally  split  models.  The  relationship  of  the 
labial  bow  to  the  palatal  acrylic  was  then  seen  to 
be  very  different,  in  the  average  case,  from  the 
traditional  textbook  picture,  with  little  vertical 
discrepancy  between  the  heights  of  the  labial  wire 
and  the  palatal  acrylic. 

An  experiment  was  carried  out  to  test  the 
stability  of  the  long  labial  bow  and  the  short 
labial  wire  fitted  only  around  the  incisors,  using 
the  method  and  device  described  by  Bass  and 
Robinson  (1969)  in  their  paper  on  the  forces 
involved  in  incisor  retraction.  By  means  of  a 
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swinging  arm  this  apparatus  (Fig.  5)  magnifies  the 
movement  occurring  at  the  centre  of  a  labial  wire 
when  a  load  is  applied. 

Each  appliance  was  tested  to  find  the  stability 
of  the  wire  in  the  horizontal  and  vertical  planes. 
Obviously  the  long  labial  bow  was  the  more 
flexible,  but  in  the  horizontal  plane  it  was  sur¬ 
prisingly  firm  and  a  pressure  of  50  g.  only  moved 
it  forward  by  0-5  mm.  In  the  vertical  plane,  how¬ 
ever,  50  g.  pressure  deflected  the  wire  upwards  by 
3-2  mm.  and  even  30  g.  gave  1-9  mm.  deflexion. 
The  fitted  labial  wire  around  the  incisors  was 


Fig.  4. — The  true  picture.  There  is  little  vertical 
separation  between  the  wire  and  the  acrylic. 


much  more  rigid ;  50  g.  pressure  produced  hori¬ 
zontally  only  0T5  mm.  deflexion  and  vertically 
0-6  mm.,  and  even  a  force  of  200  g.  horizontally 
produced  only  0-5  mm.  of  movement. 

The  conclusion  is  that  if  the  bow  is  to  be 
effective  in  reinforcing  anchorage  it  must  be  rigid 
and  correctly  positioned  on  the  teeth  relative  to 
the  palatal  acrylic.  The  long  labial  bow  is  too 
flexible  to  be  of  much  value.  The  shorter  fitted 
labial  wire  on  the  upper  incisors  is  rigid  enough 
to  withstand  a  heavy  pressure  and  remain  at  the 
correct  height,  but  it  must  be  noted  that,  parti¬ 
cularly  in  younger  patients,  the  height  of  the 
palatal  gingiva  often  makes  it  impossible  to  obtain 
the  desired  vertical  separation  between  the  levels 
of  the  acrylic  base-plate  and  labial  wire.  In 
addition  it  should  be  remembered  that  if  anchor¬ 
age  slip  occurs  the  appliance  may  slide  slightly 
forwards  up  the  sloping  palatal  surfaces  of  the 
proclined  incisors.  A  fitted  labial  wire  which  is 
already  near  the  incisal  edges  does  little  to  prevent 
this  as  it  cannot  engage  much  undercut. 

RETENTION 

An  important  consideration  in  the  design  of  a 
removable  appliance  is  the  provision  of  good 
retention. 
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The  patterns  of  clasps  used  to  retain  ortho¬ 
dontic  appliances  have  been  many  and  varied, 
but  the  universal  or  modified  arrowhead  clasp 
described  by  Adams  (1970)  is  probably  the  most 
successful  and  its  advent  has  revolutionized 
removable  appliance  treatment  in  this  country. 

The  clasp  is  too  well  described  by  Adams  and 
too  well  known  to  require  description  here.  It  will 
suffice  to  point  out  that  it  should  not  engage 
undercuts  too  deeply.  Seel  (1966)  states:  ‘the  use 
of  undercuts  of  about  0  01  mm.  gives  an  adequate 
and  optimal  crib.  ’  It  should  also  not  be  active  to 


Fig.  5. — The  apparatus  used  to  measure  de¬ 
flexion  of  the  labial  bow.  The  appliance  is 
bolted  in  position  and  the  deflexion  compared 
under  varying  loads. 

any  great  degree  when  in  position.  The  clasp  is 
most  commonly  used  in  upper  first  molars  but 
may  be  adapted  for  almost  any  tooth. 

DISPLACING  FORCES 

It  has  already  been  mentioned  that  a  long  labial 
bow  with  clasps  on  6[6  forms  an  excellent  design 
for  a  removable  retainer,  but  except  when  the 
incisors  are  proclined  severely  the  bow  does  little 
to  combat  any  displacing  forces  to  which  an 
active  appliance  may  be  subject.  Such  forces  may 
be  set  up  in  several  ways: — 

1.  Spring  Activation 

a.  The  most  obvious  example  of  a  displacing 
force  may  be  seen  when  an  attempt  is  made  to 
procline  an  instanding  incisor  over  the  bite.  The 
palatal  spring  pushing  against  the  sloping  palatal 
surface  of  the  incisor  will  produce  a  downward 
force  on  the  anterior  part  of  the  appliance. 

b.  During  retraction  of  the  canines  with  palatal 
springs  any  gingival  activation  of  the  spring  to 
separate  the  canine  from  the  lateral  incisor  will 
produce  a  downward  force  on  the  anterior  part 
of  the  plate.  Similarly,  on  a  conical  canine  ordi¬ 
nary  distal  activation  of  the  spring  may  cause  it  to 
slide  occlusally  up  the  mesial  slope  of  the  cusp, 
again  tending  to  cause  displacement. 

2.  Habits 

Often  a  child  may  adopt  the  habit  of  moving 
the  appliance  repeatedly  up  and  down  with  the 


tongue.  This  can  be  a  major  cause  of  clasp  and 
spring  breakage  and  such  habits  will  occur  more 
readily  if  there  is  not  sufficient  retention  anteriorly 
on  the  appliance. 

3.  Extra-oral  Traction 

If  extra-oral  traction  is  applied  directly  to  a 
removable  appliance  it  can  cause  displacement, 
especially  when  a  cervical  strap  is  used.  When  this 
is  attached  via  a  Kloehn  bow  to  tubes  on  molar 
cribs  it  flexes  the  clasps,  pressing  the  front  of  the 
appliance  down.  Where  facilities  for  banding  are 


Fig.  6. — The  universal  clasp  applied  to  lfl. 
This  provides  good  retention  when  the  incisors 
are  only  mildly  proclined. 


available  this  problem  may  be  overcome  com¬ 
pletely  by  applying  the  extra-oral  traction  direct 
to  molar  bands  and  clipping  the  removable 
appliance  to  the  bands.  If  this  is  not  possible,  the 
use  of  a  full  headgear  will  reduce  the  downward 
flexion,  but  in  any  case  the  appliance  will  be  less 
likely  to  displace  if  there  is  good  retention 
anteriorly. 

In  each  of  these  cases  a  displacing  force  is 
produced.  The  molar  clasps  offer  good  resistance 
to  this  and  it  is  usually  the  anterior  part  of  the 
appliance  which  is  first  displaced. 

Good  retention  is  important  for  a  number  of 
reasons.  First,  it  improves  the  mechanical  effi¬ 
ciency  of  the  appliance  by  ensuring  that  the 
springs  are  continuously  held  accurately  in  posi¬ 
tion.  Secondly,  because  the  appliance  is  a  firm  fit 
the  patient  adapts  to  it  more  readily  and  habit 
movements  are  not  encouraged.  Thirdly,  extra¬ 
oral  traction  can  be  added  without  the  risk  of 
displacement,  and,  finally,  the  anchorage  con¬ 
tribution  from  the  fit  of  the  appliance  against  the 
palatal  mucosa  and  the  other  teeth  is  maximized. 

Ideally  the  design  of  a  removable  appliance 
should  provide  retention  anteriorly,  and  for 
maximum  efficiency  any  clasping  should  be 
placed  as  far  from  the  molar  clasps  as  possible. 
Three-  or  four-point  retention  is  the  ideal.  Extra 
clasps  will  offer  little  advantage  and  may  actually 
impede  insertion. 


Some  operators,  particularly  in  recent  years, 
have  favoured  the  use  of  a  universal  clasp  an¬ 
teriorly,  usually  on  the  two  central  incisors.  In 
selected  cases  this  provides  ideal  retention,  but 
used  indiscriminately  the  clasp  may  offer  slight 
advantage,  make  removal  and  insertion  difficult, 
and  be  prone  to  frequent  breakage. 

How  then  can  retention  best  be  provided 
anteriorly?  A  variety  of  clasps  are  available,  and 
an  unusual  problem  may  require  an  unusual 
design,  but  I  most  commonly  use  (a)  the  universal 
clasp  (single  or  double),  ( b )  a  fitted  wire  clasping 


Fig.  7. — The  fitted  wire  around  fit.  This 
provides  excellent  retention  when  the  incisors  are 
proclined  and  leaves  2|2  free  to  space. 


the  central  incisors,  and  (c)  a  fitted  wire  clasping 
the  central  and  lateral  incisors.  The  last  two  may 
be  constructed  with  or  without  loops. 

When  considering  the  anterior  clasping  to  be 
used  during  retraction  of  the  upper  canines  or 
premolars  the  points  to  be  noticed  are  the  degree 
of  crowding  or  spacing  of  the  labial  segment,  and 
the  axial  inclination  of  the  incisors.  Clasps  which 
hold  only  the  central  incisors  allow  the  lateral 
incisors  to  drift  distally  as  the  canines  are  re¬ 
tracted.  If  the  lateral  incisors  are  stepped  pala- 
tally  to  the  centrals  this  is  desirable,  but  if  the 
incisors  already  bear  a  good  relationship  to  each 
other  or  are  spaced  it  may  be  better  to  use  a  clasp 
which  controls  them. 

Clasps  holding  lji  only 

a.  The  Universal  Clasp  j_|J_  (Fig.  6) 

This  may  be  used  when  the  central  incisors  are 
upright,  or  only  mildly  proclined.  The  clasp  may 
be  modified  slightly  by  curving  the  bridge  and 
flattening  the  arrowheads  so  that  it  stands  out 
from  the  teeth  rather  less.  Dickson  and  Wheatley 
(1964)  describe  such  a  modification. 

On  proclined  incisors  the  universal  clasp  is  not 
satisfactory.  There  is  too  much  undercut  labially, 
especially  if  the  arrowheads  are  taken  right  up  to 
the  gum — and  if  they  only  engage  the  correct 
amount  of  undercut  the  bridge  will  be  left  perched 
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on  the  most  prominent  part  of  the  teeth  near  to 
the  incisal  edges.  The  path  of  withdrawal  and 
insertion  of  the  appliance  is  important.  The  usual 
method  involves  disengaging  the  molar  clasps 
before  lifting  down  the  front  of  the  appliance.  If 
the  arrowheads  are  already  firmly  against  the 
labial  surfaces  of  the  proclined  incisors  the  clasp 
will  be  severely  flexed,  especially  if  the  patient 
pulls  down  the  back  of  the  appliance  too 
firmly. 


Fig.  8. — The  fitted  wire  around  ifi  with  small 
loops.  The  loops  provide  some  added  retention 
on  incisors  which  are  only  slightly  proclined.  The 
clasp  lies  flush  against  the  teeth  and  is  especially 
useful  when  there  is  midline  space. 


central  incisors  and  themselves  offer  some  reten¬ 
tion  (Fig.  8).  This  stands  out  less  than  the 
universal  clasp  and  is  also  the  better  choice  when 
there  is  a  midline  space,  as  the  wire  conforms  to 
the  shape  of  the  teeth  and  does  not  permit  any 
pressure  from  the  arrowheads  to  cause  move¬ 
ment. 

Clasps  which  control  the  Lateral  Incisors 

A  Fitted  Wire  on  2 1 1 12  (Fig.  9) 

This  may  be  used  when  the  lateral  incisors  bear 
a  good  relationship  to  the  centrals.  It  provides  a 
way  of  keeping  them  in  this  position,  and  also 
means  that  the  wires  pass  over  the  lateral/canine 
embrasure,  instead  of  the  central/lateral  embra¬ 
sure.  The  morphology  of  the  teeth  usually  makes 
this  easier,  and  also  means  that  the  clasp  is  less 
likely  to  be  damaged  by  the  lower  incisors. 

The  clasp  is  not  kept  incisally  but  lies  about 
half  way  up  the  labial  face  of  the  incisors  where 
the  undercut  is  improved. 

There  is  a  tendency  for  the  lateral  incisor  to 
escape  from  this  clasp  unless  the  wire  is  kept  well 
gingivally  where  it  passes  around  the  distal  aspect 
of  this  tooth.  If  the  relationship  of  the  canine  to 
the  incisor  does  not  permit  this,  loops  should  be 
incorporated  into  the  clasp  to  provide  enough 
wire  for  adjustment  once  this  is  possible  (Fig.  10). 
Where  the  labial  segment  is  proclined  severely 


Fig.  9. — The  fitted  wire  around  21112.  The  wire  passes  half  way  up  the  central  crowns  and  holds  the 

incisors  firmly. 


b.  Fitted  Wire  JJJ_ 

On  proclined  central  incisors  a  fitted  labial  wire 
(Fig.  7)  is  preferable.  The  absence  of  arrowheads 
means  that  the  previously  described  method  of 
removal  may  be  used  with  very  little  flexion  of  the 
clasp.  During  insertion  the  fitted  wire  is  a  useful 
guide  for  the  patient  who  is  new  to  the  appliance. 
The  wire  is  positioned  over  the  central  incisors 
and  the  back  of  the  appliance  is  pushed  up  into 
place.  This  locks  the  labial  wire  into  position 
giving  excellent  retention. 

The  same  design  but  incorporating  small  loops 
is  useful  if  the  incisors  are  more  upright.  The 
loops  fit  flush  against  the  labiodistal  corners  of  the 
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little  is  gained  by  contouring  the  wire  around  the 
teeth,  and  a  plain  bow  across  the  incisors  with 
small  loops  by  the  laterals  offers  good  reten¬ 
tion. 

Other  Designs 

Many  other  retention  designs  are  possible 
depending  upon  the  particular  problem 
(Fig.  11). 

Where  a  central  incisor  is  to  be  pushed  over  the 
bite  a  universal  clasp  may  be  applied  to  the 
opposing  central  or  lateral  incisor,  to  the  canine 
or  a  first  premolar,  or  to  a  deciduous  canine  or 
first  molar,  in  addition  to  the  normal  clasps  on 


6|6.  Clasps  on  deciduous  teeth  are  better  made  in 
0-6  mm.  wire. 

When  tooth  movement  is  being  carried  out 
unilaterally  a  clasp  on  the  first  premolar  on  the 
opposite  side  is  unobtrusive  and  gives  excellent 
retention. 

If  it  is  desired  to  leave  the  anterior  teeth  un¬ 
clasped  to  improve  the  appearance  or  because 
these  teeth  are  to  be  moved,  retention  can  be 
improved  by  placing  a  single  arrowhead  in  0-8 


CONCLUSION 

The  conventional  long  labial  bow  still  has  a 
valuable  place  in  treatment :  to  reduce  mild  over¬ 
jets  and  accept  auxiliary  springs;  to  retain  the 
labial  segment  after  tooth  movement;  to  guide 
teeth  being  moved  across  the  arch.  As  a  way  of  re¬ 
inforcing  anchorage  it  is  most  uncertain  owing  to 
its  flexibility.  It  offers  little  retention  except  where 
the  incisors  are  very  proclined  and  even  then  a 
shorter  wire  around  the  incisors  is  probably  better. 


Fig.  10. — The  fitted  wire  around  21112  with  loops.  This  offers  good  retention  and  prevents  the  slightly 

spaced  incisors  from  spreading  further. 


Fig.  11. — The  fitted  wire  adapted  to  control  ]2  but  permit  21  to  space.  The  extent  of  spontaneous  improve¬ 
ment  of  21  can  be  seen. 


mm.  wire  on  the  mesiobuccal  corner  of  the  upper 
second  premolar.  This  is  superior  to  the  auxiliary 
clasp  normally  described.  The  increased  gauge  of 
the  wire  makes  it  robust  although  easy  to  adjust, 
and  avoiding  the  soldered  joint  makes  construc¬ 
tion  easier  and  lessens  the  likelihood  of  breakage. 

During  retraction  of  the  labial  segment  the 
incisors  cannot  be  clasped.  If  they  are  proclined 
the  action  of  the  retraction  spring  will  itself  help 
to  retain  the  appliance.  In  cases  where  extra-oral 
traction  is  to  be  used,  however,  or  where  one 
wishes  to  continue  with  retraction  of  the  incisors 
whilst  keeping  the  lower  teeth  gagged  on  the 
anterior  bite  plane,  retention  can  be  a  problem 
and  it  may  be  useful  to  clasp  3]3  instead  of  merely 
using  stops  mesial  to  them  (Fig.  12). 


Fig.  12.— The  universal  clasp  used  on  111  while 
the  upper  incisors  are  being  moved  palatally  gives 
good  retention  even  when  extra-oral  support  is 
used. 
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A  correctly  placed  and  well-fitted  short  labial 
wire  may,  by  splinting  the  labial  segment  against 
the  acrylic  base-plate,  help  to  limit  tipping  of  the 
incisors.  The  extent  of  this  reinforcement  in 
practice  is  questionable  and  it  would  be  unwise 
to  depend  on  it. 

A  more  important  aim  in  appliance  design 
should  be  to  provide  good  retention  which  will 
withstand  any  displacing  forces  to  which  the 
appliance  may  be  subject.  The  lateral  incisors  may 
be  held  or  allowed  to  space  as  the  case  requires. 

The  control  of  anchorage  is  a  necessary  con¬ 
sideration  in  appliance  design  but  it  cannot  be 
bought  on  the  cheap  and  if  anchorage  is  at  a 
premium  it  should  be  reinforced  with  extra-oral 
traction.  Extra-oral  traction  is  easy  to  fit,  cheap 
to  provide,  well-tolerated  and,  above  all,  effective. 

When  an  appliance  is  required  we  have  the 
opportunity,  instead  of  accepting  an  ‘  off  the  peg  * 
model,  to  design  a  tool  specifically  suited  to  the 
task  in  hand.  Full  advantage  should  be  taken  of 
such  a  chance  and  the  provision  of  well-planned 


anterior  retention  can  play  an  important  part  in 
this. 
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THE  PROBLEM  OF  REPLACEMENT  OF 
THE  UPPER  LATERAL  INCISOR  IN  THE 
YOUNG  PATIENT 


I.  C.  BENINGTON,*  B.D.S.,  F.D.S.  R.C.S. 

Senior  Registrar :  Department  of  Prosthetics,  Eastman  Dental  Hospital,  London 


The  absence  of  an  individual  tooth  or  a  pair  of 
teeth  is  comparatively  frequent.  Dolder  (1937),  in 
an  examination  of  10,000  schoolchildren  aged  6 
to  1 5  years  in  the  school  clinic  at  Berne,  recorded 
congenital  absence  of  teeth  in  340  children  (3-4 
per  cent).  Of  these,  1  tooth  was  missing  in  44  per 
cent,  2  teeth  were  missing  in  30  per  cent,  and  3-1 1 
teeth  were  missing  in  20  per  cent.  Of  the  individual 
teeth  missing,  only  5-3  per  cent  were  mandibular 
second  premolars,  25-3  per  cent  maxillary  second 
premolars,  and  12-3  per  cent  maxillary  second 
incisors.  The  third  molars  were  not  recorded  on 
account  of  age.  Brekhus,  Oliver,  and  Montelius 
(1944)  have  reported  that  missing  teeth  occur  in 
the  following  order  of  frequency:  maxillary 
second  incisors,  second  premolars,  and  third 
molars,  whilst  any  other  tooth  may  occasionally 
be  absent. 

It  is  apparent  from  these  references  that  the 
maxillary  second  incisor  or  lateral  incisor  is 
occasionally  missing  from  the  dentition,  and  the 
problem  of  treating  such  patients  usually  falls  to 
the  hands  of  the  orthodontist  in  the  first  place.  It 
may  be  that  realinement  of  the  teeth  provides  a 
satisfactory  result,  but  where  indicated  the  ortho¬ 
dontist  realines  the  teeth  so  that  a  space  of  suitable 
dimensions  is  created  between  the  central  incisor 
and  the  canine  tooth,  with  a  view  to  prosthetic 
replacement.  At  a  later  date  the  possibility  of 
replacing  the  prosthesis  with  a  bridge  may  be 
considered. 

The  problem  of  replacing  the  upper  lateral 
incisors  often  arises  when  the  patient  is  under¬ 
going  orthodontic  treatment  and  is  wearing  an 
orthodontic  applicance  which  incorporates  the 
missing  lateral  incisors  on  it.  The  lateral  incisor, 
being  a  slender  tooth,  is  fixed  to  the  orthodontic 
appliance  by  a  narrow  isthmus  of  acrylic,  which  is 
easily  fractured  and  is  time  consuming  to  replace, 
and,  when  the  orthodontic  treatment  has  been 
completed,  the  problem  of  replacing  the  lateral 
incisors  is  inherited  by  the  prosthetist.  The  present 
paper  is  concerned  with  this  problem.  It  is 
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important  that  a  good  liaison  exists  between  the 
orthodontic  and  prosthetic  departments  so  that  the 
patients  in  question  are  seen  jointly  prior  to  the 
completion  of  the  orthodontic  treatment.  Hence, 
an  ideal  clinical  situation  is  achieved  in  order  that 
the  completed  treatment  is  in  the  best  interests  of 
all  concerned. 

A  considerable  number  of  these  young  patients 
have  been  referred  to  prosthetic  departments 
following  orthodontic  treatment  for  a  more 
permanent  prothesis  which  will  function  as  a 
replacement  for  the  missing  teeth  and,  if  necessary, 
as  a  retainer.  At  this  stage  they  are  usually  aged 
13-15  years,  when  the  upper  permanent  canine 
has  erupted  {Fig.  1A). 

In  the  treatment  plan  the  following  considera¬ 
tions  are  worth  mentioning: — 

1.  The  patients  are  usually  at  school  and  time 
is  therefore  important  to  them. 

2.  They  are  at  the  age  when  their  appearance 
is  becoming  increasingly  vital,  i.e.,  the  aesthetic 
value  of  the  replacement  is  a  prime  factor. 

3.  At  this  age  the  oral  hygiene  is  often  found  to 
be  neglected  and,  of  course,  this  can  constitute  a 
great  problem,  as  the  patient  has  probably  already 
been  wearing  an  orthodontic  appliance  for  some 
years  and  is  going  to  have  to  wear  a  prosthetic 
appliance  for  the  next  few  years. 

It  is  essential  to  take  impressions  for  study 
models  and  a  chilled  wax  register,  so  that  the 
models  may  be  accurately  articulated  and  sur¬ 
veyed  prior  to  designing  the  denture. 

One  usually  finds  on  examination  of  the  records 
that,  being  a  young  patient,  the  clinical  crowns 
are  short  and  therefore  the  survey  line  is  near  to 
or  on  the  gingival  margin,  thus  creating  the 
obvious  difficulty  with  retention.  Examination  of 
the  posterior  articulation  will  indicate  whether 
access  to  the  buccal  surfaces  of  the  teeth  can  be 
gained,  and  it  is  the  position  of  the  survey  lines 
and  the  dimensions  of  the  interproximal  spaces 
when  the  teeth  are  together  which  determine  the 
type  of  clasps  that  may  be  used  to  retain  the 
appliance.  The  relationship  of  the  incisors  may 
be  such  that  the  proximity  of  the  lower  incisors  to 
the  upper  ridge  provides  little  space  for  the  base 
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of  the  prosthesis.  When  these  difficulties  are  en¬ 
countered  with  a  child’s  dentition  one  is  often 
hesitant  to  create  the  necessary  space  interproxi- 
mally  and  incisally  by  enamel  grinding  because  of 


Where  the  survey  lines  on  the  posterior  teeth 
are  suitable  for  orthodox  cobalt-chromium 
clasping  the  problems  of  design  are  minimal  and 
are  illustrated  in  the  following  case. 


Fig.  1. — A,  Child  with  missing  2|23.  B,  Palatal  view  of  denture.  C,  Clasp  design  of  the  left  side.  D,  Denture 

in  position. 


Fig.  2. — Casting  with  Adams  Crib  on  model. 


the  large  pulps.  As  the  arch  form  is  often  intact 
with  the  exception  of  one  or  both  of  the  lateral 
incisors  the  clasping  axis  must  therefore  be  remote 
from  the  teeth  being  replaced  so  that  the  denture 
is  aesthetically  acceptable. 
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Case  1 

The  upper  lateral  incisors  and  upper  left  canine 
teeth  were  missing  and  the  patient  had  completed  her 
orthodontic  treatment  (Fig.  1A).  The  denture  base 
was  a  one-piece  casting  in  cobalt- chromium  with  the 
clasping  axis  involving  65I56  (Fig.  IB).  The  skeletal 
design  reduced  the  gingival  involvement  and  being 
tooth-borne  the  denture  was  less  liable  to  traumatize 
the  palatal  tissues.  The  clasp  design  was  facilitated  on 
the  left  side  by  a  missing  jl  (Fig.  1 C),  and  on  the  right 
side  where  the  articulation  was  good  a  slight  adjust¬ 
ment  of  the  opposing  tooth  allowed  full  occlusal 
contact.  The  aesthetic  value  of  having  a  remote 
clasping  axis  is  seen  in  the  anterior  view  of  the  finished 
prothesis  in  situ  (Fig.  1 D). 

Where  we  have  an  accumulation  of  the  prob¬ 
lems  already  mentioned  and  survey  lines  do  not 
offer  enough  undercut  to  permit  the  use  of  cobalt- 
chromium  clasps  Adams  cribs  have  been  found 
to  be  of  great  value.  They  provide  satisfactory 
retention  where  undercuts  are  minimal  and  the 
denture  can  be  designed  as  shown  on  the  model 


(Fig.  2).  Unfortunately  it  is  difficult  to  unite  a 
stainless-steel  crib  to  a  cobalt-chromium  casting 
but  this  can  be  overcome  to  a  great  extent  if 
Wiptam  (nickel-chrome)  wire  is  used  to  construct 
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Fig.  3. — A,  Child  with  missing  2j  and  close 
bite.  B,  Trial  denture  with  plaster  index.  C,  Com¬ 
ponents  of  denture  on  model.  D,  Anterior  view  of 
denture  in  situ.  E,  Palatal  view  of  denture. 


the  crib,  as  it  solders  more  readily  to  cobalt- 
chromium.  It  has  been  found,  however,  that  the 
Wiptam  cribs  are  less  efficient  than  those  con¬ 
structed  in  stainless  steel,  creating  the  problem  of 
more  frequent  adjustments.  Also,  it  was  noted 
that  patients  wearing  this  type  of  appliance  had 
to  return  to  the  hospital  with  cribs  fractured  at 
the  junction  with  the  casting  and  these  proved 
difficult  and  time  consuming  to  repair,  and  the 
patients  were  regretfully  deprived  of  their  appli¬ 
ance  for  some  time. 

Having  struggled  with  these  problems  for  some 
time  a  design  was  formulated  which  overcomes 
them  simply.  For  a  case  such  as  the  one  shown  in 
Fig.  3A  a  small  wax  palate  is  constructed  and  the 
correct  tooth  position  is  achieved  at  the  chairside. 
A  plaster  index  is  taken  to  ensure  that  the  tooth 
can  be  replaced  in  the  identical  position  on  the 
refractory  model  so  that  the  wax  pattern  may  be 


related  correctly  to  it  (Fig.  3  B).  A  small  cobalt- 
chromium  framework  is  cast  which  has  a  posterior 
border  in  the  form  of  a  retentive  lattice.  Adams 
cribs  are  constructed  with  their  retentive  arms 


E 


related  to  the  posterior  edge  of  the  metal  lattice 
(Fig.  3C).  It  is  then  a  simple  matter  to  wax  up 
the  posterior  section  incorporating  the  cribs  in  it, 
position  the  missing  teeth  (using  the  index),  and 
finish  the  denture  in  heat-cured  acrylic  resin.  A 
denture  incorporating  the  design  is  illustrated  in 
and  anterior  and  mirror  view  in  Fig.  3D  and  E. 
Several  patients  have  been  wearing  this  type  of 
replacement  for  approximately  2  years  without 
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suffering  any  denture  fractures.  This  design  was 
formulated  in  response  to  a  request  from  the 
orthodontic  department  to  provide  semiperma¬ 
nent  partial  dentures  following  orthodontic 
treatment.  It  is  intended  for  use  in  patients  between 
the  years  of  approximately  12  and  20  or  up  to  the 
age  when  a  fixed  bridge  may  be  supplied  if 
indicated.  It  has  been  found  satisfactory  in  use 
and  has  the  following  advantages: — 

1 .  The  denture  is  aesthetically  pleasing  with  no 
metal  showing  near  the  front  of  the  mouth. 

2.  It  is  easily  and  cheaply  constructed. 

3.  The  cobalt-chromium  portion  provides 
strength  to  prevent  fracture  of  the  isolated  teeth 
on  the  denture. 

4.  The  retention  is  good  in  cases  where  the 
undercut  areas  are  small. 


5.  The  appliance  is  quickly  and  easily  repaired 
if  the  Adams  cribs  have  become  fractured  or 
detached  from  the  acrylic  portion. 
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REPORTS  OF  MEETINGS 


ORDINARY  MEETING,  12  October 

An  Ordinary  Meeting  of  the  Society  was  held 
at  Manson  House,  26  Portland  Place,  London, 
W.I.,  on  Monday,  12  October,  1970,  at  6.30  p.m. 
with  Professor  B.  C.  Leighton,  President  in  the 
Chair. 

The  President  said  it  was  with  great  regret  that 
he  had  to  announce  the  death  of  Mr.  S.  V. 
Newton,  a  long-time  member  of  the  Society  who 
became  a  life  member,  and  in  fact  was  one  of  the 
first  life  members  to  be  elected.  He  was  also  a 
member  of  the  British  Dental  Association  and 
played  a  large  part  in  administering  the  Benevo¬ 
lent  Fund  of  the  Association.  The  Society  had 
benefited  in  having  him  as  its  Auditor  for  many 
years  and  owed  him  a  great  debt  of  gratitude. 

Members  stood  in  silence  for  a  few  moments 
as  a  mark  of  respect  to  the  memory  of  the  late 
Mr.  Newton. 

Apologies  for  Absence 

The  Secretary  read  the  apologies  for  absence. 

Minutes 

The  Minutes  of  the  last  Ordinary  Meeting  were 
read,  and  were  signed  as  a  correct  record. 

Candidates  for  Election 

The  following  were  elected  to  Corresponding 
Membership : — 

Mr.  M.  J.  Costello,  M.D.Sc.  (U.  Sydney), 
B.D.Sc.  (U.  Queensland),  F.A.C.D.S.,  Suite  45, 
Civic  Arcade,  48-50  George  Street,  Parramatta, 
N.S.W.  2150,  Australia. 

Mr.  Sia  Tuan  Ping,  B.D.S.  (U.  Singapore), 
D.Orth.  R.C.S.  (Eng.),  Orthodontic  Unit,  Govern¬ 
ment  Dental  Clinic,  Jalan  Gambut,  Kuantan, 
Panang,  Malaysia. 

The  President  welcomed  visitors  to  the  meet¬ 
ing  and  encouraged  them  to  take  part  in  the 
discussion  which  he  felt  might  follow  the  Presi¬ 
dential  Address  on  the  present  occasion  as  some 
of  the  points  raised  might  be  considered 
contentious,  and  visitors  and  members  should 
have  an  opportunity  to  hit  back! 

The  President  then  delivered  his  Address 
entitled :  The  Value  of  Prophecy  in  Orthodontics. 

Professor  T.  D.  Foster  opened  the  discussion. 
A  lively  general  discussion  followed  in  which 
Messrs.  K.  E.  Pringle,  D.  Robertson-Ritchie,  and 
J.  Muir,  and  Dr.  J.  R.  E.  Mills  participated  after 
which  Mr.  J.  Rose  proposed  the  vote  of  thanks. 
The  vote  of  thanks  was  carried  by  acclamation 
following  which  the  meeting  was  terminated. 


REGIONAL  MEETING,  23,  24  October 

A  Regional  Meeting  of  the  Society  was  held  in 
Aberdeen  Royal  Infirmary  on  Friday  23  and 
Saturday  24  October,  1970,  with  the  President, 
Professor  B.  C.  Leighton,  in  the  Chair. 

Professor  Alexander  MacGregor,  Dean  of  the 
Medical  School,  Aberdeen  University,  welcomed 
the  President  and  the  Society  to  Aberdeen. 

The  President  thanked  Professor  MacGregor 
for  his  welcome,  for  the  use  of  lecture  theatres, 
demonstration  rooms  and  the  refectory  in  the 
University  buildings,  and  for  the  help  given  to 
Mr.  Roberts  in  organizing  the  meeting.  He  also 
thanked  Dr.  Michie,  Group  Medical  Superin¬ 
tendent  of  the  Aberdeen  Royal  Infirmary  Group 
of  Hospitals  for  the  use  of  their  lecture  theatres 
and  for  facilities  made  available  to  the  Society. 
The  President  then  thanked  the  Board  of 
Management  and  Dr.  Sexton,  Group  Medical 
Superintendent,  Aberdeen  Special  Hospitals,  for 
providing  lunch  for  members  and  visitors  on 
Friday. 

Minutes 

The  Minutes  of  the  Ordinary  Meeting  of  the 
Society  held  at  Manson  House,  26  Portland 
Place,  London,  W.I.,  on  Monday  12  October, 
1970,  were  confirmed  and  signed  by  the  President. 
A  list  of  apologies  for  absence  was  taken  as  read. 

Introductions  to  the  President 

Dr.  D.  A.  Lawrie  was  introduced  to  the  Presi¬ 
dent  and  signed  the  Obligation  Book. 

Presidential  Address 

The  President  then  delivered  his  address 
entitled:  The  Value  of  Prophecy  in  Orthodontics. 

The  President  then  invited  members  to  discuss 
his  paper.  Mr.  I.  Clow,  Lt.-Col.  W.  Lervy,  and 
Messrs.  S.  Haynes,  J.  Wilkie,  H.  Pogrel,  G.  H 
Roberts,  and  D.  A.  Dixon  all  contributed  to  the 
discussion  that  ensued. 

The  President  thanked  those  who  had  taken 
part  in  the  discussion  and  then  invited  Mr.  P.  H. 
Morse  to  read  his  paper  entitled:  Resorption  of 
Anterior  Teeth  following  Orthodontic  Treatment. 

The  President  opened  the  discussion  in  which 
Messrs.  J.  H.  Gardiner,  J.  G.  Houston,  G.  H. 
Roberts,  and  A.  Cockburn  also  took  part. 

The  President  proposed  a  vote  of  thanks  to 
Mr.  Morse  and  all  those  who  had  taken  part  in 
the  discussion  and  then  announced  a  break  for 
lunch. 
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After  lunch  the  President  introduced  Dr.  W. 
Russell  Logan  and  invited  him  to  read  his  paper 
entitled:  ‘  The  Evolution  of  Functional  Appli¬ 
ances  ’. 

The  discussion  was  opened  by  the  President 
and  subsequently  Messrs.  G.  H.  Roberts,  H.  J. 
Gardiner,  and  P.  I.  Townend  also  took  part. 

The  President  proposed  a  vote  of  thanks  to 
Dr.  Russell  Logan  and  those  who  had  taken  part 
in  the  discussion  and  then  introduced  Mr.  D.  A. 
Dixon  and  invited  him  to  read  his  paper  entitled: 
‘  The  Fixed  Appliance  in  Orthodontic  Practice 
Past  and  Present  ’. 

Mr.  P.  H.  Morse,  Mr.  J.  H.  Gardiner,  Lt.-Cmdr. 
Drake,  and  Messrs.  A.  Cockburn,  S.  Haynes,  and 
A.  R.  H.  Woods  took  part  in  the  discussion  which 
followed. 

The  President  proposed  a  vote  of  thanks  to 
Mr.  Dixon  and  to  those  who  had  taken  part  in 
the  discussion  and  announced  that  the  table 
demonstrations  would  follow  a  break  for  tea. 

The  President  asked  members  to  arrange 
themselves  in  groups  around  the  demonstrations 
and  to  move  to  the  next  demonstration  when  a 
bell  was  rung  at  15-minute  intervals.  The  Presi¬ 
dent  proposed  a  vote  of  thanks  to  Messrs.  G.  H. 
Roberts  and  J.  McEwan,  Dr.  W.  Russell  Logan, 
and  Mr.  R.  B.  Erskine  in  advance  for  their 
demonstrations. 

On  Saturday  morning  the  President  welcomed 
Members  and  visitors  to  the  meeting  and  then 
introduced  Messrs.  L.  A.  Usiskin  and  W.  G. 
Webb  and  invited  them  to  read  their  paper 
entitled:  ‘  A  Comprehensive  Treatment  Procedure 
for  the  Severe  Class  II,  Division  1  Malocclusion  ’. 

The  discussion  on  the  paper  was  opened  by  the 
President  and  Messrs.  J.  H.  Gardiner,  G.  C. 
Dickson,  A.  R.  H.  Woods,  D.  A.  Dixon,  and 
M.  S.  E.  Gould  also  took  part. 

The  President  proposed  a  vote  of  thanks  to 
Messrs.  Usiskin  and  Webb  and  to  those  who  had 
taken  part  in  the  discussion  and  then  announced 
a  break  for  coffee. 

After  Coffee  the  President  introduced  Mr. 
P.  B.  Clark  and  invited  him  to  read  his  paper 
entitled:  ‘  Variations  on  the  Standard  Operations 
for  Mandibular-maxillary  Disproportion  ’.  Mr. 
Clark  thanked  the  President  for  his  introduction 
and  said  he  would  confine  his  talk  to  considera¬ 
tion  of:  ‘  Surgery  of  the  Prognathic  Mandible  ’. 

Following  the  paper  the  President  invited 
questions  but  regretted  that,  in  view  of  the  late¬ 
ness  of  the  hour,  it  would  not  be  possible  for 
members  to  make  comment  on  Mr.  Clark’s  paper. 

Following  questions  by  Mr.  G.  C.  Dickson 
and  Lt.-Comdr.  Drake  to  which  Mr.  Clark  and 
Mr.  G.  H.  Roberts  replied  the  President  proposed 
a  vote  of  thanks  to  Mr.  Clark  which  was  passed 
with  applause. 

The  President  commented  on  the  development 
of  Regional  Meetings  and  of  the  decentralization 
of  Society  activities  and  proposed  a  vote  of 
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thanks  to  Mr.  G.  H.  Roberts  and  his  helpers, 
Mrs.  E.  Mason  and  Mr.  A.  A.  M.  MacDonald, 
for  their  efforts  in  the  preparation  for  arrange¬ 
ments  of  a  most  successful  meeting;  this  was 
passed  with  applause. 

ORDINARY  MEETING,  9  November 

An  Ordinary  Meeting  of  the  Society  was  held 
at  Manson  House,  26  Portland  Place,  London, 
W.I.,  on  Monday,  9  November,  1970,  at  6.30  p.m., 
with  Professor  B.  C.  Leighton,  President,  in  the 
Chair. 

Minutes 

The  Minutes  of  the  last  Ordinary  Meeting 
were  read,  and  were  signed  as  a  correct  record. 

Apology  for  Absence 

The  Secretary  reported  an  apology  for 
absence  from  Dr.  J.  D.  Atherton. 

The  President  welcomed  any  visitors  who 
might  be  present  and  invited  them  to  take  part  in 
the  discussion  should  they  desire  to  do  so. 

He  then  introduced  Mr.  D.  G.  Huggins  from 
Chester,  who  showed  a  short  film  entitled: 
‘  Orthodontic  Tooth  Movement  using  a  Multiband 
Technique  ’. 

There  was  a  short  discussion  in  which  Mr. 
D.  W.  Williams  asked  a  question  after  which  the 
President  introduced  Professor  Foster  who  read 
a  paper  prepared  with  Mr.  Walpole  Day  entitled : 
‘  An  Investigation  into  the  Prevalence  of  Molar 
Crossbite  and  some  Associated  Conditions  ’. 

Professor  Walther  opened  the  discussion 
following  which  there  was  a  general  discussion  in 
which  Messrs.  E.  K.  Breakspear,  S.  Gould,  and 
R.  Marx  participated.  The  meeting  closed  after 
a  vote  of  thanks  to  the  Authors. 

ORDINARY  MEETING,  14  December 

An  Ordinary  Meeting  of  the  Society  was  held 
at  26  Portland  Place,  London,  W.I.,  on  Monday 
14  December,  1970  at  6.30  p.m.,  with  Professor 
B.  C.  Leighton,  President,  in  the  Chair. 

The  President  said  it  was  with  some  regret 
that  he  had  to  announce  the  death  of  Professor 
M.  A.  Rushton.  He  had  been  a  past-President 
and  an  Honorary  Member  of  the  Society;  he 
had  joined  in  1931  and  had  become  President  in 
1948.  This  was  a  unique  event  in  the  history  of 
the  Society  because  he  had  been  following  his 
own  father,  William  Rushton,  who  had  held  the 
office  of  President  in  1911.  His  international 
reputation  had  been  based  upon  important 
contributions  not  only  to  orthodontics  but  also 
to  the  science  of  dental  surgery  and  dental  prac¬ 
tice.  In  addition  to  his  publications,  Martin 
Rushton  had  made  many  significant  contribu¬ 
tions  in  discussing  the  work  of  others.  The 
Society  had  lost  more  than  an  honoured  member; 
he  had  been  truly  a  scientist  in  the  broadest  sense 
of  the  word. 


The  President  said  he  had  also  to  announce 
the  death  of  Professor  James  Scott.  He  had  been 
a  member  of  the  Society,  but  had  resigned,  yet 
they  still,  as  orthodontists,  owed  him  an  enormous 
debt.  His  contribution  to  their  thinking  and  their 
knowledge  of  the  growth  and  development  had 
probably  been  more  than  that  of  anyone  of  his 
generation. 

Members  stood  in  silence  for  a  few  moments 
in  respect  to  their  memory. 

Minutes 

The  Secretary  read  the  Minutes  of  the 
Ordinary  Meeting  of  the  Society  held  on  Monday, 
9  November,  1970,  which  were  confirmed  and 
signed  as  a  true  record. 

Apologies  for  Absence 

The  Secretary  read  the  apologies  for  absence. 

New  Members 

The  President  welcomed  and  introduced  to 
the  meeting  Mr.  John  Mew. 

The  President  welcomed  all  visitors  and  asked 
them  to  take  part  as  they  wished  in  any  discussion 
following  the  papers. 

He  then  introduced  Mr.  A.  M.  Cookson, 
Consultant,  of  Sutton  Coldfield,  and  called  on 
him  to  present  his  paper  entitled:  ‘  Space  Closure 
following  Loss  of  First  Premolars  \ 

Following  a  lively  discussion  in  which  the 
President,  Mr.  J.  Hooper,  Mr.  J.  S.  Rose,  Dr.  J. 
Jeffreys,  Mr.  M.  S.  E.  Gould,  and  Mr.  L.  A. 
Usiskin  participated,  the  President  thanked 
Mr.  Cookson  and  introduced  Professor  W.  A.  S. 
Alldritt  who  gave  a  paper  entitled  ‘  Gingivitis 
and  Imbrication  ’.  An  enjoyable  discussion 
followed  opened  by  Mr.  G.  C.  Dickson,  and 
followed  by  Professor  G.  S.  Winter,  Mr.  C.  D. 
Parker,  Mr.  H.  E.  Wilson,  and  Mr.  A.  C.  Camp¬ 
bell,  after  which  the  meeting  was  closed  with  a 
vote  of  thanks. 

ORDINARY  MEETING,  11  January 

An  Ordinary  Meeting  of  the  Society  was  held 
at  Manson  House,  26  Portland  Place,  London, 
W.l.  on  Monday,  11  January,  1971  at  6.30  p.m., 
with  the  President,  Professor  B.  C.  Leighton,  in 
the  Chair. 

The  Secretary  read  the  Minutes  of  the  Ordin¬ 
ary  Meeting  held  on  Monday,  14  December, 
1970,  which  were  confirmed  and  signed  as  a 
correct  record. 

Candidates  for  Election 

The  Secretary  read  the  list  of  candidates  for 
election : 

Ordinary  Membership 

Mr.  P.  S.  Burdekin,  L.D.S.  (U.  Leeds), 
25  Blossom  Street,  York. 

Miss  J.  R.  Dowsett,  B.D.S.  (U.  Lond),  D.Orth. 
R.C.S.(Eng.),  5  Lullarook  Close,  Norheads  Lane, 
Biggin  Hill,  Kent. 


Mr.  W.  Bryan  Jones,  B.D.S.  (U.  Birm.), 
F.D.S.  R.C.S.(Edin.),  L.D.S.  R.C.S.(Eng.),  62 

Buryfield  Road,  Solihull,  Warwickshire. 

Mr.  R.  G.  Kaplan,  B.D.S.  (U.  Witwatersrand), 
D.Orth.  R.C.S.(Eng.),  c/o  London  House,  Meck- 
lenburgh  Square,  London,  W.C.l. 

Miss  E.  M.  Scutt,  B.D.S.  (U.  Lond.),  L.D.S. 
R.C.S.(Eng.),  6  The  Avenue,  West  Wickham, 
Kent. 

Mr.  D.  Orme-Smith,  B.D.S.  (U.  Lond.), 
L.D.S.  R.C.S.(Eng.),  Lion  Hull,  Tadworth  Street, 
Tadworth,  Surrey. 

Corresponding  Membership 
Dr.  Milan  Markovic,  Ph.D.,  B.D.S.,  D.Orth. 
(U.  Belgrade),  Belgrade,  Ustanicka  129. 

These  were  duly  elected. 

The  President  welcomed  any  visitors  present 
and  invited  them  to  take  part  in  any  discussion 
which  might  follow  the  papers  they  were  to  hear. 

The  President  introduced  the  authors  of  the 
first  paper,  Mr.  J.  P.  Coen  and  Dr.  T.  H.  M. 
Wynne.  Mr.  J.  P.  Coen  presented  the  paper 
entitled:  ‘  Orthodontic  Problems  associated  with  a 
Family  affected  by  an  Osteo- Dystrophy 

The  President  opened  the  paper  to  general 
discussion  in  which  Mr.  R.  T.  Broadway,  Mr.  H. 
Leech,  and  Mr.  G.  C.  Dickson  participated. 

The  President  then  introduced  Mr.  G.  Steel 
who  read  a  short  paper  entitled:  ‘  Class  II 
Division  2  Incisor  Relationship:  Can  it  be  avoided?' 

The  President,  Mr.  C.  D.  Parker,  Mr.  P.  H. 
Morse,  and  Dr.  J.  D.  Atherton  participated  in 
the  discussion  which  followed  after  which  the 
President  introduced  Mr.  L.  H.  Russell  who  read 
a  short  paper  entitled:  ‘  Some  Cases  of  Congeni¬ 
tally  Missing  Incisors  ’,  after  which  Dr.  J.  D. 
Atherton  asked  a  question. 

The  last  speaker  Mr.  P.  H.  Morse  was  then 
introduced  by  the  President,  and  read  a  short 
paper  entitled:  ‘A  severe  Class  II  Division  1 
Malocclusion  ’.  Following  the  discussion  the 
President  proposed  a  vote  of  thanks  to  the 
speakers  which  was  carried  with  acclaim. 

ORDINARY  MEETING  8  February 

An  Ordinary  Meeting  was  held  on  Monday, 
8  February,  1971  at  6.30  p.m.  at  Manson  House, 
26  Portland  Place,  London.  The  President, 
Professor  B.  C.  Leighton,  was  in  the  Chair. 

Minutes 

The  Secretary  read  the  Minutes  of  the  last 
Meeting,  which  were  confirmed,  and  signed  as 
a  correct  record. 

Apologies  for  Absence 

The  Secretary  read  the  apologies  for  absence. 

Candidates  for  Election 

The  Secretary  read  the  list  of  candidates  for 
election: 


191 


Ordinary  Membership 

Mr.  T.  G.  Bennett,  B.D.S.(U.  Durh.),  F.D.S., 
D.Orth.  R.C.S.(Eng.),  3  Barton  Close,  Harpen- 
den,  Herts. 

Mr.  A.  Stewart  Chapman,  B.D.S.(U.  Lond.), 
L.D.S.,  D.Orth.  R.C.S.(Eng.),  Coniston,  22  Old 
Woking  Road,  West  Byfleet,  Surrey. 

Mr.  I.  Clow,  B.D.S.(U.  St.  And.),  D.Orth. 
R.C.S.(Eng.),  5  Harestane  Crescent,  Dundee 
DD3  OLQ. 

Mrs.  J.  F.  C.  Tulloch,  B.D.S.(U.  Lond.), 

F. D.S.,  D.Orth.  R.C.S.(Eng.),  31  St.  Peters 
Street,  Islington,  London,  N.l. 

Corresponding  Membership 

Dr.  S.  Pasikov,  D.D.S.(U.  Michigan),  M.S. 
(U.  Loyola),  380  Washington,  Glencoe,  Illinois, 
60022,  U.S.A. 

These  were  duly  elected. 

The  President  welcomed  any  visitors  present 
and  invited  them  to  take  part  in  any  discussion 
which  might  follow  the  papers  they  were  to  hear. 

The  President  introduced  Mr.  D.  Munns,  and 
invited  him  to  read  his  paper  entitled:  ‘  An 
Analysis  of  Removable  Appliance  Breakages  ’. 

The  President  opened  the  discussion  and  after¬ 
wards  Mr.  C.  D.  Stephens,  Mr.  J.  J.  Crabb, 
Mr.  E.  K.  Breakspear,  Mr.  R.  T.  Broadway,  and 
Mr.  J.  Selwyn  Barnet  spoke  from  the  floor. 

Chapman  Prize  Essay,  1970 
The  President:  It  now  gives  me  very  great 
pleasure  to  call  on  Mr.  D.  D.  Di  Biase,  who  is 
going  to  read  his  winning  Chapman  Prize  Essay, 
entitled:  ‘  The  Effects  of  Variations  in  Tooth 
Morphology  and  Position  on  Eruption  ’. 

Mr.  P.  H.  Burk  opened  the  discussion  after 
which  Dr.  B.  Brown,  Dr.  J.  R.  E.  Mills,  Professor 

G.  B.  Winter  spoke  from  the  floor. 

After  the  discussion  the  President  presented 
Mr.  Di  Biase  with  the  Certificate  in  Honour  of  his 
Essay.  (Applause.) 

The  President  then  proposed  a  vote  of  thanks 
to  the  speakers  which  was  carried  with  acclaim. 

ORDINARY  MEETING,  8  March 

An  Ordinary  Meeting  of  the  Society  was  held 
at  Manson  House,  26  Portland  Place,  London, 
W.l.  on  Monday,  8  March,  1971.  The  President, 
Professor  B.  C.  Leighton,  was  in  the  Chair. 

Minutes 

The  Secretary  read  the  Minutes  of  the  Ordin¬ 
ary  Meeting  held  on  Monday,  8  February,  1971, 
which  were  confirmed  and  signed  as  a  correct 
record. 

Apologies  for  Absence 

The  Secretary  read  the  apologies  for  absence. 

Introductions  to  the  President 

Three  introductions  were  made. 
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Candidates  for  Election 

The  Secretary  read  the  list  of  candidates  for 
election : 

Ordinary  Membership 

Mr.  B.  D.  Collin,  B.D.S.(U.  Dunelm),  F.D.S., 
D.Orth.  R.C.S.(Eng.),  46  Vaughan  Lodge,  Fair 
Acres,  Hayesford  Park,  Bromley,  Kent. 

Mr.  J.  D.  Crooks,  B.D.S.(U.  Lond.),  F.D.S., 
R.C.P.S.(Glasg.),  D.Orth.  R.C.S.(Eng.),  60  The 
Hall,  Foxes  Dale,  Blackheath,  London,  S.E.3. 

These  were  duly  elected. 

Announcements 

The  President  said  he  had  one  sad  announce¬ 
ment  to  make,  the  death  of  Mr.  G.  H.  Russell, 
who  had  been  a  benefactor  in  that  he  had  given 
the  lectern  now  in  use,  and  which  unfortunately 
was  a  sort  of  memorial  to  him.  He  had  died 
just  recently  from  a  heart  attack,  and  the  Society 
very  much  mourned  his  loss.  He  had  done  a  lot 
for  Orthodontics  in  arranging  for  the  import  of 
apparatus  and  devices  to  which  they  would  not 
otherwise  have  had  easy  access.  They  owed  him 
quite  a  debt  and  Members  would  be  very  sorry 
to  hear  of  his  loss. 

The  President  then  introduced  Mr.  J.  J.  Crabb 
who  read  a  paper  by  himself  and  Mr.  N.  J. 
Wilson  entitled:  ‘  The  Relation  Between  Ortho¬ 
dontic  Spring  Force  and  Space  Closure 

The  President  opened  the  discussion  after  the 
paper.  Mr.  L.  D.  Stephens,  Mr.  A.  B.  Hewitt, 
and  Mr.  D.  Seel  spoke  from  the  floor. 

The  President  thanked  Mr.  Crabb  and  then 
introduced  Mr.  W.  J.  B.  Houston  who  read  a 
paper  prepared  with  Professor  G.  L.  Howe 
and  Mr.  P.  T.  Burgess  entitled :  ‘  Some  Ortho¬ 
dontic  and  Surgical  Observations  on  Lateral 
Trepanation  of  Mandibular  Third  Molars 

A  long  and  lively  discussion  followed  in  which 
the  following  speakers  took  part,  Messrs.  M.  A. 
Kettle,  E.  S.  Broadway,  K.  Isaacson,  H.  E. 
Wilson,  C.  P.  Adams,  C.  D.  Parker,  J.  Cook, 
J.  R.  Pettman,  C.  Bowdler  Henry,  and  Cradock 
Henry  took  part. 

The  President  thanked  the  speakers  and  pro¬ 
posed  a  vote  of  thanks  which  was  carried  with 
applause. 

REGIONAL  MEETING,  30  March 

A  Regional  Meeting  of  the  Society  was  held 
jointly  with  the  Midland  Orthodontic  Society  in 
the  Birmingham  Medical  Institute,  36  Harbourne 
Road,  Birmingham,  at  5.30  p.m.  on  Tuesday, 
30th  March.  1971. 

The  President  welcomed  members  and  visitors 
from  far  and  near  and  said  how  pleased  he  was 
to  hold  a  meeting  in  Birmingham.  He  congratu¬ 
lated  Mr.  Munns  and  the  Council  of  the  Midland 
Orthodontic  Society  for  their  perseverance  in 
holding  the  meeting  inspite  of  the  great  difficul¬ 
ties  created  by  the  postal  strike. 


Minutes 

The  Minutes  of  the  Ordinary  Meeting  held  at 
Manson  House  on  8  March  1971  were  taken  as 
read  and  the  President  was  authorized  to  sign 
them. 

The  President  introduced  Mr.  J.  P.  Moss  and 
invited  him  to  read  his  paper  entitled:  ‘  The 
Unerupted  Upper  Canine 

The  discussion  was  opened  by  the  President 
and  subsequently  Messrs.  N.  Holland,  J.  Gardiner 
M.  Gould,  J.  Crabb,  V.  Iyer,  and  W.  Rook  also 
took  part. 

The  President  proposed  a  vote  of  thanks  to 
Mr.  Moss  and  to  all  who  had  contributed  to  the 
discussion.  This  was  passed  with  applause. 

The  President  thanked  Mr.  Munns  and  all 
those  who  had  helped  with  the  arrangements  for 
the  most  successful  meeting. 

COUNTRY  MEETING,  22  April 

The  Thirteenth  Country  Meeting  of  the 
Society  was  held  in  Ranmoor  House,  University 
of  Sheffield,  Shore  Lane,  Sheffield  16,  on  Thurs¬ 
day,  Friday,  and  Saturday,  22,  23,  and  24  April, 
1971.  The  President  Professor  B.  C.  Leighton 
was  in  the  Chair  and  125  Members  and  Visitors 
attended  the  Meeting. 

The  President  welcomed  members  and  visitors 
to  the  meeting. 

The  list  of  apologies  for  absence  was  taken  as 
read. 

Minutes 

The  Minutes  of  the  Ordinary  Meeting  of  the 
Society  held  jointly  with  the  Midland  Orthodontic 
Society  in  the  Birmingham  Medical  Institute, 
Birmingham,  on  Tuesday,  30  March,  1971,  were 
read  and  confirmed  and  signed  by  the  President. 

After  some  announcements  concerning  the 
meeting  arrangements  the  President  introduced 
Mr.  H.  G.  Lewis  of  the  Cardiff  Dental  School  and 
invited  him  to  read  his  paper  entitled:  ‘  The  Atti¬ 
tude  of  Patients  to  the  Wearing  of  a  Removable 
Orthodontic  Appliance  ’. 

Dr.  J.  Luffingham  and  Messrs.  D.  G.  Huggins, 
J.  Coyle,  S.  Haynes,  R.  Marston,  and  R.  A. 
Campbell  took  part  in  the  discussion  that 
followed. 

The  President  proposed  a  vote  of  thanks  to 
Mr.  Lewis  and  then  introduced  Mr.  S.  Haynes 
and  asked  him  to  read  his  case  report  entitled: 
‘  Attempted  Treatment  of  a  Large  Maxillary 
Diastema  associated  with  Four  Supernumerary 
Incisor  Teeth  ’. 

Messrs.  R.  T.  Broadway,  D.  A.  Dixon,  and 
C.  D.  Parker  took  part  in  the  discussion  that 
followed. 

The  President  proposed  a  vote  of  thanks  to 
Mr.  Haynes  and  then  invited  Dr.  W.  A.  B.  Brown 
to  read  his  paper  entitled:  ‘  The  Maxilla  and 
Mandibular  Resemblance  between  Parents  and 
Their  Children 


The  Presdent  opened  the  discussion  that 
followed  and  Mr.  M.  Kettle,  Dr.  P.  Vig,  and 
Mr.  D.  Bowden  also  took  part.  The  President 
then  announced  a  short  break  for  tea. 

After  tea  Dr.  Russell  Logan  took  the  Chair 
and  after  introducing  Messrs.  J.  J.  Crabb  and 
H.  J.  Wilson  invited  Mr.  Crabb  to  present  their 
joint  paper  with  Mr.  N.  G.  Gough  entitled:  ‘  Use 
of  an  Adhesive  in  Orthodontics  \ 

After  informing  the  Chairman  and  members 
of  the  recent  death  of  Mr.  Gough,  Mr.  Crabb  read 
the  paper  and  Messrs.  M.  Kettle,  C.  D.  Stephens, 
and  L.  H.  Russell  subsequently  took  part  in  the 
discussion  that  followed. 

The  Chairman  thanked  Mr.  Crabb  and  then 
invited  Mr.  G.  S.  Taylor  to  read  his  case  report 
entitled :  4  Characteristics  of  Supernumerary  Teeth 
in  the  Primary  and  Permanent  Dentitions  \ 

The  Chairman  thanked  Mr.  Taylor  and  then 
invited  Mr.  C.  C.  Knowles  to  read  his  case  report 
entitled:  4  Case  Report  of  a  Patient  with  a  Lym¬ 
phangioma  ’. 

The  Chairman  thanked  Mr.  Knowles  for  his 
case  report  and  then  invited  Mr.  D.  W.  Williams 
to  read  his  joint  research  report  with  Dr.  J.  A. 
von  Fraunhofer  entitled:  4  An  Interim  Report  on 
an  Electro-chemical  Investigation  of  some  Cur¬ 
rently  Available  Stainless-steel  Orthodontic  Wires’. 
Following  a  question  by  Mr.  H.  G.  Lewis,  the 
Chairman  proposed  a  vote  of  thanks  to  Mr. 
Williams  and  Dr.  von  Fraunhofer  and  then 
declared  the  afternoon  session  closed. 

ANNUAL  GENERAL  MEETING,  23  April 
The  Annual  General  Meeting  of  the  Society 
was  held  in  Ranmoor  House,  the  University  of 
Sheffield  on  Friday,  23  April,  1971  at  9.00  a.m. 
The  President,  Professor  B.  C.  Leighton,  was  in 
the  Chair  and  48  members  signed  the  attendance 
book. 

Minutes 

The  Minutes  of  the  Annual  General  Meeting 
held  in  May  1970  were  read  and  confirmed  and 
signed  by  the  President. 

Election  of  Officers 

The  President  announced  the  Election  of 
Officers  for  the  ensuing  year.  The  only  nomina¬ 
tions  received  were  those  appearing  on  the 
Agenda  Sheet. 

On  a  motion  from  the  Chair  it  was  declared 
that  the  nominees  were  elected. 

Election  of  Councillors 

The  President  reminded  members  that  there 
are  five  Councillors  each  of  whom  is  now  elected 
for  a  3-year  term  of  Office  without  re-election 
during  that  period.  There  would  be  no  vacancies 
until  Mr.  R.  T.  Broadway  and  Mr.  W.  A.  B. 
Brown  retire  at  the  end  of  1972. 
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Election  of  Two  Auditors 

The  President  thanked  Messrs.  P.  Burke  and 
A.  Walpole  Day  for  their  past  services  as  Auditors 
and,  as  they  had  signified  their  willingness  to 
stand  again,  proposed  from  the  Chair  that  they 
be  re-appointed  as  Auditors  for  the  forthcoming 
year.  This  was  carried  unanimously. 

Hon.  Treasurer’s  Report 

Mr.  J.  Moss  said  that  the  past  year  had  been  a 
difficult  year  for  the  Society  owing  to  the  rising 
costs  and  increased  expenditure.  At  the  end  of 
the  year  there  was  a  deficit  of  £108  compared  with 
a  profit  last  year  of  over  £500  . 

The  chief  reasons  for  the  deficit  were  the  major 
increases  in  the  costs  of  general  printing  and 
stationery,  publications,  and  also  postage.  This 
latter  item  would  rise  again  considerably  in  this 
present  year.  Each  bound  copy  of  the  transac¬ 
tions  was  costing  the  Society  35p  more  to  produce 
than  it  did  the  year  before.  Accountancy  and 
bank  charges  had  also  continued  to  rise.  The 
Country  Meeting  was  one  of  the  most  expensive 
for  some  time  and  the  cost  of  the  Regional 
Meetings  to  the  Society  was  £65  which  was 
the  first  time  that  this  latter  item  has  been  included 
on  the  Balance  Sheet. 

Despite  the  fact  that  this  has  been  an  extremely 
difficult  year  as  far  as  stocks  and  shares  were  con¬ 
cerned  it  was  gratifying  to  see  that  the  market 
value  of  the  portfolio  had  increased  by  £1175 
during  the  past  year. 

The  Council  had  looked  carefully  at  the 
accounts  and  were  investigating  means  whereby 
economies  could  be  made  in  order  that  the  sub¬ 
scription  for  1972  could  be  maintained  at  its 
present  rate.  Unless  the  Society  curtailed  some 
of  its  expenses  considerably  in  the  next  year  an 
increase  in  the  subscription  for  1973  was  almost 
inevitable. 

Finally,  Mr.  Moss  said  he  would  like  to  record 
his  thanks  to  the  previous  treasurer,  Mr.  J.  S. 
Rose,  for  his  help  and  guidance,  and  to  the 
auditors,  Mr.  Burke  and  Mr.  Walpole  Day. 
Mr.  Moss  then  proposed  its  reception;  this  was 
seconded  by  Professor  D.  P.  Walther. 

The  President  then  invited  discussion  from 
the  floor. 

Mr.  K.  Breakspear  felt  that  the  Society  should 
be  prepared  to  face  an  increase  in  expenditure 
rather  than  restrict  its  scientific  activities.  The 
President  thanked  Mr.  Breakspear  for  his  com¬ 
ments  and  moved  the  adoption  of  the  report 
which  was  carried  unanimously. 

Hon.  Secretary’s  Report 

Mr.  M.  S.  E.  Gould  said  once  again  he  had 
to  report  a  very  busy  year  during  which  there 
had  been  a  further  increase  in  both  the  size  and 
activity  of  the  Society. 

The  Country  Meeting  held  at  Brighton  last 
May  was  attended  by  135  Members  and  visitors 
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and  many  others  who  failed  to  sign  the  Atten¬ 
dance  Book. 

During  the  year  6  Ordinary  Meetings  had 
been  held  at  Manson  House  where  the  average 
attendance  was  112. 

In  addition,  there  had  been  2  Regional 
Meetings:  the  first,  held  in  Aberdeen  in  October 
last  year,  had  two  morning  and  one  afternoon 
sessions  extending  over  2  days,  and  was  virtu¬ 
ally  a  second  Country  Meeting.  Seventy-five 
members  and  visitors,  including  almost  the  entire 
Scottish  Membership  were  present;  many  of 
them  also  attended  the  most  enjoyable  Informal 
Dinner  on  the  Friday  evening.  The  success  of 
the  Meeting  was  due  in  no  small  measure  to  the 
enthusiasm  and  efforts  of  Mr.  G.  H.  Roberts 
and  his  team  of  helpers  to  whom  he  and  the 
Council  were  much  indebted.  It  seems  probable 
that  these  Scottish  Regional  Meetings  would 
become  a  yearly  or,  at  least,  bi-yearly  event. 

The  second  Regional  Meeting  was  held  in 
Birmingham  in  conjunction  with  the  Midland 
Orthodontic  Society.  It  was  attended  by  no 
fewer  than  105  Members  and  visitors. 

The  Council  were  most  grateful  to  the  Council 
of  the  Midland  Orthodontic  Society,  and  in 
particular  to  Mr.  Munns,  for  the  splendid 
arrangements  for  this  most  successful  Meeting 
which  was  threatened  by  the  postal  strike. 

The  Membership  of  the  Society  continued  its 
growth  by  the  election  of  26  new  Ordinary  and 
7  new  Corresponding  Members  during  the  year. 
There  had  been  7  resignations,  mostly  due  to 
retirement,  and,  sadly,  the  Secretary  reported  the 
death  of  two  most  respected  Members.  First, 
that  of  Professor  Martin  Rushton,  an  Honorary 
Member  who  was  President  in  1948,  and  whose 
father,  William  Rushton,  was  also  President  in 
191 1 ;  a  unique  distinction  in  the  Society’s  history. 
The  other  loss  was  that  of  Mr.  S.  B.  Newton  who 
was  a  Life  Member. 

The  Secretary  then  reported  on  the  activities 
of  the  Council.  He  said  that,  as  he  reported  last 
year,  a  Sub-Committee  was  established  to  review 
the  structure  and  organization  of  the  Society  and 
how  best  it  could  evolve  to  meet  future  needs. 
This  Sub-Committee  had  recently  submitted  a 
report  to  Council  which  was  under  active  con¬ 
sideration  and  debate  and  it  seemed  probable 
that  some  conclusions  and  decisions  would  be 
made  during  the  forthcoming  session. 

The  Council  had  also  been  active  in  other 
fields  and  had  established  Sub-Committees  to 
examine  the  Society’s  financial  structure  and  it’s 
Publication  policy.  A  Sub-Committee  had  also 
been  established  to  consider  making  recom¬ 
mendations  on  4  The  Role  of  Orthodontics  in 
Dental  Education  ’. 

There  was  also  a  Sub-Committee,  still  in  exis¬ 
tence,  to  continue  to  advise  the  Council,  should 
the  necessity  arise,  on  the  controversial  matter  of 
‘  Vocational  Registration  and  Specialist  Lists  ’. 


The  Secretary  pointed  out  that  these  activities 
are  in  addition  to  the  normal  routine  involved  in 
Administering  the  Society.  Thus  the  demands 
made  on  Council  Members,  all  of  whom  are 
busy  men,  were  considerable,  and  one  could  not 
but  speculate  just  how  long  it  would  be  possible 
for  Honorary  Officers  to  continue  to  Administer 
the  Society  especially  if,  as  some  members  advo¬ 
cate,  there  should  be  a  widening  of  the  Society’s 
interests  and  activities. 

The  Secretary  again  expressed  his  thanks  to 
Miss  Ritchie,  the  Assistant  Secretary,  who  should 
be  more  properly  designated  the  Membership 
Secretary,  for  her  assistance  and  unfailing  sup¬ 
port,  and  to  his  fellow  Officers  for  their  help 
and  counsel. 

The  Secretary  proposed  the  reception  of  his 
report  which  was  seconded  by  Mr.  Gardiner. 
Professor  Robertson  congratulated  the  Council 
on  the  progress  made  in  reorganization  and 
looked  forward  to  hearing  further  details  of  the 
Society  reorganization.  The  President  then 
moved  the  adoption  of  the  Report  which  was 
adopted  unanimously. 

Hon.  Editor’s  Report 

Dr.  J.  D.  Atherton  said  that  the  past  year 
had  been  a  very  busy  year  as  far  as  his  commit¬ 
ments  had  been  concerned.  For  the  past  10  years 
there  had  been  an  almost  logarithmic  increase 
in  the  amount  of  material  presented  to  the 
Society  and  this  year  had  been  no  exception. 
More  papers  had  been  presented  to  the  Society 
than  ever  before.  It  has  been  his  policy  that 
members  should  hear  as  much  as  possible  pro¬ 
vided  that  the  usual  high  standard  was  main¬ 
tained.  The  continued  policy  of  a  short  paper 
followed  by  a  longer  one  at  the  London  meetings 
had,  he  hoped,  been  a  popular  one.  In  addition 
further  new  papers  had  been  presented  at  meet¬ 
ings  outside  the  environs  of  London  in  Scotland 
and  the  Midlands  and  next  year  again  there  would 
be  at  least  two  meetings  outside  London. 

This  increase  in  the  number  of  papers  had 
raised  new  problems.  The  Society’s  papers  were 
published  first  in  the  Dental  Practitioner  and 
then  in  the  Transactions.  According  to  a  long¬ 
standing  arrangement,  John  Wright  &  Sons,  who 
publish  the  Dental  Practitioner,  allowed  the 
B.S.S.O.  up  to  16  pages  of  each  issue.  Whereas 
in  the  past  it  had  been  possible  to  get  all  the 
papers  into  1  year’s  issue  of  the  Dental  Practitioner 
it  was  now  becoming  increasingly  difficult  to  get 
the  larger  volume  into  this  Journal.  A  Publica¬ 
tions  Sub-Committee  had  been  appointed  to 
consider  future  policy  with  regard  to  publication. 
Meanwhile,  however,  we  had  the  problem  of 
squeezing  into  the  Dental  Practitioner  as  much 
material  as  possible.  One  means  of  increasing 
the  number  of  pages  available  for  publication 
would  be  to  miss  out  the  discussion.  It  was  with 
great  regret  and  a  great  deal  of  anguish  that  he 


felt  this  step  to  be  necessary.  However,  he 
personally  felt  very  strongly  that  all  members 
presenting  a  paper  before  the  Society  should 
have  an  equal  chance  of  publication  and  that  the 
Society  should  in  its  turn  have  as  much  good 
material  presented  to  it  as  possible. 

Dr.  Atherton  proposed  the  reception  of  his 
report  and  it  was  seconded  by  Mr.  B.  B.  J.  Lovius. 

Messrs.  C.  P.  Briggs  and  E.  K.  Breakspear 
greatly  regretted  the  cessation  of  publication  of 
the  discussions  following  papers  and  hoped  that 
the  Council  would  soon  be  able  to  resume  their 
publications.  Mr.  J.  J.  Crabb  suggested  that 
discussions  should  be  published  separately  in  the 
form  of  a  news  sheet  and  circulated  to  members 
subsequently.  Professor  Walther  asked  if  con¬ 
sideration  could  be  given  to  limiting  the  publica¬ 
tion  of  discussion  to  the  openers  remarks  and 
the  subsequent  reply  by  the  speaker.  Dr.  Mills 
pointed  out  that  the  Society  was  the  only  one, 
to  his  knowledge,  that  still  carried  on  the  practice 
of  publishing  discussions  and  observed  that 
members  must  balance  the  loss  of  recorded  dis¬ 
cussion  against  the  more  spontaneous  discussion 
which  might  follow  if  it  was  not  recorded. 

The  Editor  in  reply  reiterated  what  he  had 
said  in  his  report  concerning  the  difficulties  of 
publishing  the  discussions  and  said  that  another 
factor  was  the  extremely  high  cost  of  recording 
and  transcribing  discussions. 

The  President  then  moved  the  adoption  of 
the  editor’s  report,  which  was  carried  unani¬ 
mously. 


Hon.  Curator’s  Report 

Mr.  R.  D.  Howard  said  that  it  had  been  a 
matter  of  concern  to  successive  Curators  of  the 
Society’s  Museum  that  deficiencies  existed  in  the 
Society’s  Collection  with  regard  to  orthodontic 
instruments  and  apparatus. 

Since  repeated  requests  to  the  membership 
had  failed  to  produce  any  material,  an  approach 
was  made  to  all  the  Dental  Companies  by  his 
predecessor  with  the  possibility  of  reproducing 
illustrations  of  instruments  from  old  catalogues. 
Discussions  have  now  reached  a  fruitful  stage 
and  although  it  was  hoped  to  produce  some  of  the 
results  of  these  negotiations  in  time  for  this 
meeting,  this  had  not  proved  possible  but  it  was 
hoped  to  show  the  results  of  this  co-operation 
at  the  next  Country  Meeting  of  the  Society. 

Meanwhile  peihaps  the  request  could  be 
repeated.  Should  any  member  find  that  he  or 
she  has  any  old  orthodontic  instruments  or 
apparatus  in  their  possession  and  surplus  to  their 
requirements,  the  Society’s  Museum  would  be 
pleased  to  receive  these. 

Mr.  Howard  proposed  the  reception  of  his 
report  which  was  seconded  by  Mr.  A.  C.  Camp¬ 
bell.  The  report  was  adopted  on  a  motion  from 
the  Chair. 
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Hon.  Librarian’s  Report 

Mr.  A.  C.  Campbell  said  that  the  library 
continued  to  be  housed  with  that  of  the  British 
Dental  Association  at  64  Wimpole  Street, 
London,  W.l.  Members  were  reminded  that  if 
they  were  not  members  of  the  B.D.A.  they  could 
consult  or  borrow  the  Society’s  books,  but  not 
those  of  the  B.D.A. 

The  Society  had  added  to  its  collection  some 
back  numbers  of  ‘  The  Journal  of  the  Begg 
Society  ’,  and  copies  of  ‘  The  Orthodontist  ’  were 
being  bound. 

There  was  a  continuing  limited  demand  for 
copies  of  early  volumes  of  the  Transactions, 
and  he  would  be  glad  to  hear  of  any  copies 
available.  Of  the  more  recent  issues,  those  for 
1960,  1961,  and  1962  would  be  appreciated. 

The  Librarian  had  previously  mentioned  the 
receipt  of  a  set  of  Transactions  from  Dr.  Clinch. 
It  was  interesting  to  note  that  the  early  volumes 
were  those  issued  to  Dr.  George  Northcroft 
during  his  lifetime,  and  so  had  a  particular 
historical  value  for  the  Society. 

In  general  this  had  been  a  fairly  quiet  year  for 
your  Librarian,  largely  due  to  the  efforts  of  Mrs. 
Oates  to  whom  he  expressed  his  thanks. 

Mr.  Campbell  moved  the  reception  of  his 
report  and  Mr.  Rose  seconded  it.  The  President 
then  moved  the  adoption  of  the  Librarian’s 
report  and  this  was  carried  unanimously. 

Any  Other  Business 

Mr.  E.  J.  R.  Bird  suggested  that  simplification 
of  the  method  of  electing  members  at  Ordinary 
Meetings  would  save  time,  the  President 
thanked  Mr.  Bird  and  said  he  would  refer  this 
matter  to  the  Council  for  their  consideration. 

There  being  no  further  business  the  President 
declared  the  Annual  General  Meeting  closed  and 
gave  permission  for  the  admission  of  guests. 

COUNTRY  MEETING,  23  April 

On  Friday  morning,  following  the  Annual 
General  Meeting,  the  President,  after  reminding 
members  of  Professor  Ballard’s  many  contribu¬ 
tions  to  Orthodontics,  proposed  from  the  Chair 
that  he  be  elected  an  Honorary  Member  of  the 
Society.  This  was  received  with  applause. 

Candidates  for  Election 

The  following  candidates  for  Ordinary  Mem¬ 
bership  were  elected  en  bloc  by  show  of  hands : 
Mr.  J.  C.  Bennett,  Mr.  T.  H.  Brigham,  Mr.  L.  C. 
Challis,  and  Mr.  G.  F.  Holmes. 

The  President  then  introduced  Professor  S.  L. 
Horowitz  and  invited  him  to  read  the  25th 
Northcroft  Memorial  Lecture  entitled:  ‘  The 
Challenge  of  Facial  Deformity  ’. 

Following  the  lecture  the  President  presented 
Professor  Horowitz  with  a  Commemorative 
Scroll  and  proposed  a  vote  of  thanks  to  him  which 
was  passed  with  applause. 
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After  a  break  for  coffee  the  President  intro¬ 
duced  Mr.  R.  D.  Howard  and  invited  him  to 
read  his  paper  entitled:  6  The  Impacted  Maxillary 
Canine:  Positional  Variations  associated  with 
Incisor  Resorption  ’. 

After  the  discussion  in  which  Messrs.  P.  M. 
Benzies,  M.  A.  Kettle,  G.  Wreakes,  and  C.  D. 
Parker  took  part  the  President  proposed  a  vote 
of  thanks  to  Mr.  Howard. 

After  lunch  Professor  D.  P.  Walther  took  the 
Chair  and  after  introducing  Mr.  I.  C.  Bennington 
invited  him  to  read  his  short  paper  entitled: 
‘  The  Problems  of  the  Replacement  of  2|2  in  the 
Young  Patient .’ 

The  Chairman  opened  the  discussion  that 
followed  in  which  Messrs.  L.  H.  Russell,  N. 
Upson,  and  D.  A.  Dixon  also  took  part. 

After  thanking  Mr.  Bennington  the  President 
introduced  Mr.  A.  Hudson  and  invited  him  to 
read  his  paper  entitled:  ‘  Corticotomy  ’. 

The  Chairman  opened  the  discussion  that 
followed  in  which  Messrs.  J.  S.  Rose,  B.  Cryer, 
G.  C.  Dickson,  K.  Breakspear,  J.  D.  Muir, 
D.  Dixon,  R.  Parkhouse,  L.  H.  Russell,  and 
Dr.  J.  D.  Atherton  also  took  part. 

The  Chairman  proposed  a  vote  of  thanks  to 
Mr.  Hudson  and  to  those  who  had  taken  part 
in  the  discussion  and  announced  that  Table 
Demonstrations  would  follow  a  break  for  tea. 

The  President  asked  members  to  arrange 
themselves  in  groups  around  the  Demonstration 
Tables  and  to  move  on  to  the  next  Demonstra¬ 
tion  when  a  bell  was  rung  at  10-minute  intervals. 

The  President  proposed  a  vote  of  thanks  to  all 
the  Demonstrators  in  advance. 


COUNTRY  MEETING,  24  April 

On  Saturday  morning  the  President  intro¬ 
duced  Dr.  N.  J.  D.  Smith  and  invited  him  to 
present  his  joint  film  with  Dr.  F.  L.  Ingram 
entitled:  ‘ Routine  Orthodontic  Radiography  ’. 

Following  the  film  the  President  opened  the 
discussion  in  which  Messrs.  D.  Seel,  R.  T. 
Broadway,  A.  C.  Campbell,  G.  H.  Roberts, 
J.  R.  E.  Mills,  and  L.  H.  Russell  took  part. 

The  President  proposed  a  vote  of  thanks  to 
Dr.  Smith  and  the  contributors  to  the  discussion 
and  then  invited  Mr.  J.  D.  Muir  to  read  his  paper 
entitled :  ‘  Anterior  Retention  in  the  Removable 
Appliance  ’. 

The  President  and  Messrs.  D.  Seel,  J.  Gardiner, 
and  A.  C.  Campbell  took  part  in  the  discussion 
that  followed.  The  President  then  proposed  a 
vote  of  thanks  to  Mr.  Muir  and  those  who  had 
taken  part  in  the  discussion. 

The  President  introduced  Mr.  G.  H.  Roberts 
and  invited  him  to  read  his  paper  entitled: 
‘  Attrition:  Facts  and  Fallacies  of  Primitive  Corn 
Milling  ’.  Following  the  paper,  during  which 
Mr.  Roberts  demonstrated  the  grinding  of  corn 
with  a  Shetland  Quern  Stone,  the  President 


proposed  a  vote  of  thanks  which  was  passed 
with  applause. 

Professor  B.  C.  Leighton’s  Concluding  Speech 

At  this  stage  of  proceedings  as  the  meeting 
draws  slowly  to  its  close,  I  have  to  make  a  few 
final  remarks.  It  would  be  ungrateful  of  me  not 
to  express  the  appreciation  that  I  and  the  mem¬ 
bers  have  for  all  those  who  have  taken  part  in 
preparing  for  this  meeting. 

I  should  like  now  to  turn  to  the  past  year. 
There  is  no  doubt  of  the  social  success  of  this 
Society.  I  think  last  night  was  perhaps  the  climax 
of  that.  The  social  life  of  the  Society  is  of  some 
importance  to  orthodontics  because  we  are 
different  from  most  other  clinical  practitioners  in 
that  the  treatment  we  undertake  on  our  patients 
is  prolonged,  sometimes  taking  years  rather  than 
months.  It  often  happens,  therefore,  that  patients 
have  to  be  transferred  from  one  practitioner  to 
another,  and  it  is  an  essential  part  of  our  work 
that  there  should  be  communication  between 
practitioners. 

The  times  that  we  live  in  are  turbulent  and  it  is 
inevitable  that  the  Council  shall  reflect  that 
turbulence. 

Our  Treasurer  has  had  a  very  difficult  time 
this  year.  You  have  heard  his  report. 

Dr.  Atherton,  the  Editor,  has  again  been 
working  quietly  behind  the  scenes  in  preparing 
the  discussions  and  the  transaction  of  the  papers 
and  in  guiding  the  selection  of  papers. 

Now  I  come  to  the  man  who  has  carried  the 
greatest  burden  of  all  on  his  shoulders — Stephen 
Gould.  I  cannot  express  too  fervently  my  admira¬ 
tion  of  his  industry — he  carries  everything,  he 
does  it  with  good  humour  and  I  must  confess 
that  as  a  past  Secretary  myself,  I  could  not  have 
carried  the  burden  that  he  does.  I  thought  I  was 
doing  pretty  well  but  in  fact  he  does  three  times 
the  work  that  I  ever  did  as  Secretary. 

Finally,  you,  the  ordinary  members,  are  an 
important  part  of  this  Society.  Without  your 
efforts,  your  attendance,  and  your  support,  the 
Society  would  collapse  and  I  think  it  is  a  great 
credit  to  you  that  so  many  of  you  have  come  up 
here  to  Sheffield  to  this  meeting  after  attending 
fully  two  regional  meetings  during  the  year. 

I  now  have  the  task  of  laying  down  my  office 
and  handing  over  this  badge  of  office  to  Dick 
Mills.  It  gives  me  particular  pleasure  to  hand 


this  to  Dick  Mills  because  I  know  that  it  will  be 
in  very  safe  keeping.  He  is  a  man  who  I  admire 
enormously  for  his  good  sense  and  his  catholic 
knowledge  of  orthodontics. 

Mr.  Kettle’s  Vote  of  Thanks 

Mr.  President,  Ladies,  and  Gentlemen,  it 
gives  me  very  great  pleasure  to  propose  a  vote 
of  thanks  to  Professor  Leighton  now  that  his  year 
of  office  as  President  to  our  Society  has  come  to  an 
end.  Barry  Leighton  has  worked  hard  for  us  in  the 
Society  for  a  long  time  and  has  held  office  in 
many  forms. 

When  Barry  became  President,  we  all  knew 
that  he  would  make  a  great  success  of  the  job; 
that’s  his  nature,  quiet  but  tenacious  and  com¬ 
pletely  dedicated  and  having  enormous  reserves 
of  energy.  The  job  carries  great  responsibility 
and  has  become  much  more  onerous  with  the 
introduction  of  the  Country  meetings  and  the 
supplementary  meetings  this  year  in  Aberdeen 
and  in  Birmingham.  Our  President  has  served 
us  in  other  ways,  his  contribution  at  our  scientific 
meetings  resulting  from  his  long  years  of  re¬ 
search  in  the  developing  of  occlusion  have  been 
of  the  greatest  value  to  us.  He  is  now  in  fact 
the  world  authority  on  this  subject. 

Professor  Barry  Leighton,  from  us  all  thank 
you,  and  long  may  you  serve  our  interests  in 
the  Society. 

The  Speech  of  Dr.  Mills,  the  New  President 

The  vote  of  thanks  is  clearly  passed  by  accla¬ 
mation.  I  am  very  conscious  of  the  honour  that 
has  been  done  me  by  electing  me  as  your  Presi¬ 
dent  and  my  pleasure  is  slightly  tempered  by  the 
difficulty  I  am  going  to  have  in  succeeding  and 
keeping  up  the  high  standard  of  Professor 
Leighton.  However,  both  he  and  his  predecessors 
have  told  me  that  all  I  have  got  to  do  is  to  do  as 
I  am  told  by  the  Secretary.  I  have  been  told 
to  do  two  things  at  this  meeting.  The  first  is  to 
announce  the  date  for  the  next  two  meetings. 
The  next  meeting  will  be  on  Monday,  12  October, 
at  6.30  p.m.  in  the  Manson  House  when  I  would 
warn  you  that  I  will  be  giving  my  Presidential 
address,  and  on  Saturday,  23  October,  there  will 
be  a  regional  meeting  in  Dundee  which  I  hope 
as  many  of  you  as  possible  will  attend.  My  only 
other  duty  is  to  declare  the  meeting  closed. 
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